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author and editor are due and are cordially tendered.
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CHAPTER I

thp: mollusca

PHYLUM MOLLUSCA, Cuvier

( = Palliata, Latreille ; Malacozoa, de Blainville ; Heteko-
GANGLIATA, Oweii ; Otocardia, Hacckel : Saccata, Hyatt).

Grade A. Lsopleura (Ray Lankester).

Class L Amphineura (von .Ihering).

Older 1. Polyplacophora.

,, 2. Aplacophora.

Grade B. Prorhipidoglossomokpha (Grobben).

Class L Gastropoda (Cuvier).

Sub-Class L Streptoneura.

Order 1. AspidobrancMa.

,, 2. Pectinibranchia.

Sub-Class 2. Euthynkura.

Order L Opisthobranchia.

„ 2. Pulmonata.

Class H. Scaphopoda (Broun).

(No Orders.)

Class HI. Lamkllibrantiita (de Blainville).

Order 1. Protobranchia.

,, 2. Filibranchia.

„ 3. Eulamellibranchia.

„ 4. Septibranchia.

Grade C. Siphonopoda (Ray Lankester).

Class L Cephalopoda (Cuvier).

Sub-Class L Tetrabuanciilv.

„ 2. Dibranchia.

Order L Decapoda.

„ 2. Octopoda.

1 I



THE MOLLUSCA

I. Introduction.

Formerly ;i numljer of very diverse zoological forms, such as

Brachiopoda, Tiinicata, and even Cirrhipedia, Avere included among
the MoUusca. The last-named were the first to be dissociated from

the true Mollusca, after J. Vaughan Thompson had shown, by a

study of their larval development and metamorphoses, that they

Avere modified Crustacea. At a later date the Tunicates were

shown, also as a result of embryological research, to have affinities

with the Vertebrata. The Brachiopoda, both because of their

bivalve shell and the supposed I'esemblance of their superficial

anatomy to that of Lamellibranchia, retained a place in the

Molluscan phylum for a much longer period. H. Milne-Edwards,

it is true, united the Brachiopoda with the Polyzoa under the name
MoUuscoidea, but he placed this group very close to the Mollusca,

and his views were very generally accepted by zoologists. It is

only twenty-five years since the phylum Mollusca was finally

purged of all alien elements, and limited, as in Professor Lankester's

"Mollusca" in the ninth edition of the Enctjdopa'dia Britannica, 1883,

to such forms as are demonstrably related to one another.

Moi'e recently H. von Jhering propounded the view that this

assemblage of animals, believed to be closely related to one another,

was in fact unnatural, heterogeneous, and polyphyletic. But his

hypothesis could not stand the test of criticism, and never ob-

tained the support of any reputable malacologist. Since his

time the unity of the Molluscan phylum has never been called into

question.

Closely related as the difierent forms of the Mollusca are,

they exhibit a great variety in external aspect, chiefly l)ecause the

tegunientary layer, consisting of epithelium, connective tissue, and

muscle, is exceedingly plastic, and gives rise to outgrowths,

appendages and expansions of the most various kind. The
diversity of form is further increased by concrescence of the

various out-growths of the body, either with one another, or

with adjacent structures ; such concrescences being exhibited by

the mantle edges, the lobes and margins of the foot, the gills, and

other organs.

But, however diverse the external configuration of the Molluscan

body, the internal organisation, at least in its main features and

in young forms, preserves a remarkable uniformity. The group

is homogeneous, sharply defined, and its members are easily

recognised. The Mollusca also aftbrd a very good instance of the

progressive modification and evolution of orgaTiic structure. It

would be difficult to name another group of the animal kingdom

in which relationships can be more clearly determined and the
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pedigrees of the sub-groups more certainly traced ; and for this

reason no phylum, with the possible exception of the Echinoderma,

has, in recent years, yielded such fruitful results to the investigator.

II. The Morphology and Life-History of the Mollusca.

1. General Description and External Characters.—The ^Nlollusca are

Coelomocoela with a distinct coelom and haemocoel. The latter has

undergone a great development by phleboedesis (see Professor Lan-

kester's introduction in Part II. of this treatise), and the coelom there-

fore is proportionately reduced. In the adult condition there are two
recognisable coelomic cavities, tlie pericardial coelom and the true

gonocoel or gonadial cavity. These two may be in communication

with one another, but more frequently they are separate. The
haemocoel is completely closed, and is probably the remnant of the

embryonic blastocoel. The coelom, on the contrary, communicates

with the exterior by coelomoducts and coelomopores. The coelomo-

ducts are part of the primitive protocoelom ; they first served as

gonaducts, but afterwards were adapted to excretory functions and
became excretory organs or uroducts. In some cases, however, they

retain part of their primitive character and serve the double purpose

of uroducts and gonaducts (Fig. y'"'*,
g, i, j).

The external features of a mollusc, though very variable, nearly

always admit of a division of the body into three tegumentary

regions or organs. The most anterior division is the head : it bears

the mouth, appendages of various kinds, and nearly all the organs

of special sense. The second division is ventral, and has the form
of a highly developed tegumentary projection of variable shape :

this is the foot, the chief organ of locomotion. The third division

comprises the dorsal part of the body, covered by a calcified cuticle

or protective shell, the shape of which is subject to great variation

in the diti'erent subdivisions of the phylum. This dorsal region is

known as the mantle or pallium.

The free surface of the body is covered by an epithelium, which

is frequently ciliated. The epithelium is richly supplied with

glandular cells which secrete an abundant mucus, serving to keep
the skin moist and supple. In some cases, e.g. Phyllirhoe, and
Fliolas, the glandular secretion is phosphorescent. The epithelium

is also richly supplied with nerve-endings, and some of the epithelial

cells may secrete chitinous or calcareous spicules, which remain
embedded in the integument (Amphincura).

The greater part of the external, or at least the originally

external, pallial epithelium secretes a shell (Fig. 1, sh). The shell

consists of a matrix of a chitin - like substance, conch3'olin, im-

pregnated with mineral salts. The latter may be present in such

abundance as to form 95 per cent of the shell substance. The chief
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mineral constituent is carbonate of lime, but from 1 to 2 per cent of

l>hosphate of lime is also present, and traces (less than \ per cent)

of carbonate of magnesium. The greater part of the thickness of

the shell is made up by the ostracum, which consists of two layers :

(1) an external layer, frequently coloured, and formed by prisms of

calcite; (2) an internal layer consisting of arragonite, generally in

the form of overlapping plates : it is the internal layer that forms,

in various species, the nacre or mother-of-pearl.

The growth of the shell is effected in two ways. Its extent is

increased by the addition of new matter, secreted by the thickened

edge of the mantle, to the outer or prismatic layer. Its thickness

is increased by addition of new matter, secreted by the whole

surface of the mantle, to the inner or nacreous layer. In addition

Fig. 1.

Young embryo of Purpura lapiUus, from the left side, x 16. a, anus ; /, foot ; m, mouth ;

ot, otocyst ;
p.a.c, post-anal cilia ; re, embryonic kidney ; sh, shell ; ve, velum ; vi, vitellus.

to the two layers of the ostracum already mentioned, there is a

third layer, called the hypostracum, on the areas of attachment of

the muscles which serve to fasten the animal to its shell. Finally,

there is the periostracum or shell epidermis, forming an e.vternal

covering to most shells : it is formed by the pallial fold at the

edge of the mantle. In some Polyplacophora, Gastropoda, and

Lamellibranchia, and in most of the Cephalopoda, the free edges of

the mantle are reflected over the shell, so as to cover a greater or less

part of its outer surface. In some species in which this special

feature is developed to its greatest extent, the reflected mantle

edges form a completely closed sac round the shell, so that the

latter is internal and concealed. In rare cases the pedal integument

may secrete a calcified " shell," which may be adherent {Hipponyx)

or free {Argonauta).

The shell was for a long time the criterium of Molluscan

classification. But the progress of anatomical study showed that
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genera witli more or less similar shells might differ considerably

from one another in internal organisation, and gradually the

structure of the animal, rather than the form of its shell, came to

be recognised as the guide to its systematic position. But to this

day there are many genera of Gastropods and Lamellibranchia

whose anatomy is unknown, and their classification, founded on the

characters of their shells alone, is, of course, provisional.

The head and foot are fastened to the shell by muscular

bundles, Avhich are paired and symmetrical in the Polyplacophora,

Scaphopoda (Fig. 181, c), and Lamellibranchia (retractors of the

foot), and in the Cephalopoda (retractors of the head and funnel),

but in the Gastropoda there is a single asymmetrical so-called

"columellar" muscle (Fig. 45, co). The fibres of these muscles are

attached to the epitlielium under the shell. The connective tissue

layer Avhich lies beneath the teguraentary epithelium is mesodermic

in origin, and is extensively developed in the Mollusca. It invades

the greater part of the original blastocoel and presents the following

varieties : ( 1 )
plasmatic or vesicular cells, which sometimes give rise

to endoplastic calcareous concretions or even to true sub-epithelial

spicules, as in PleurobraticJi us and various Nudibranchia
; (2) stellate

cells
; (3) fibrillar cells. Blood spaces, whose distension causes

turgescence of various parts of the body, are frequently found in

this connective tissue. On the other hand, the connective tissue

may become compact and form supporting structures ; such are the
" skeleton " of the gill filaments, the sub-epithelial " shell " of the

Cymbuliidae, and the cartilaginous pieces in the Cephalopods and

in the buccal mass of all classes except Lamellibranchs.

Below, or imbedded in the subcutaneous connective tissue, are

muscle fibres forming layers of rectilinear or annular bundles ; but

as a rule only a few definite muscular masses can be distinguished.

The muscle fibres are of the smooth variety, though in certain cases

they appear to be striated, especially in muscles which contract

rapidly. Such apparently striated filires are found in the buccal

mass of various Gastropods, in the heart, in the fins of Pteropods

and Heteropods, in the siphon of Cephalopods, in the columellar

muscle of tlie larvae of certain Nudibranchs, in the branchial

septum (Cuspidaria), in the adductor muscles of various Lamelli-

branchs, and especially in the Pectinidae, in which the striation

looks almost identical with that of Arthropods and Vertebrates.

These fibres, however, are usually regarded as unstriated : they are

wholly bi-refiingent. The fibrilhie are parallel to one another,

but in the contracted state are tiirown into spirals, which is said

to produce the appearance of transver.se striation. The subject

calls for renewed investigation.

The tegumentary layer, composed as described of epithelium,

connective tissue, and muscles, may attain to a very considerable
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thickness. Certain portions of the tegiimentary organs can be
spontaneously detached from the body by the reaction of the

animal against the incidence of external forces. This phenomenon
is known as "autotomy," and is generally defensive, as, for instance,

the loss of portions of the foot (Harpa) or of its appendages ; the

loss of the si[)hons of some Lamellibranchs ; of the dorsal papillae

and other parts of the dorsal integument in certain Nudibranchs
;

of the cephalic tentacles of Scaphopods, etc. The lost parts are

regenerated, just as other tegumentary organs (cephalic tentacles,

fins, arms of Cephalopods) that have been accidentally removed, are

regenerated with all the complex and differentiated structures that

they may possess, such as eyes, suckers, etc. The most remarkable

example of regular physiological autotomy is found among the

Cephalopods, namely, the hectocotylised arms of the Philonexidae

and Argonautidae (JFig. 287).

2. The Digestive Trad.—The alimentary tract always has two
orifices, the mouth and anus, generally situated at the two
extremities of the body ; but the anus may be brought to an
anterior position by a ventral flexure, which may or may not be

complicated by a lateral torsion. The anus is absent only in the

parasitic genus Entosiphon ; the alimentary tract is rudimentary in

the parasites Entocolax and Entoconcha ; it is absent altogether in

Enteroxenos.

In all other forms three essential parts can be recognised in the

digestive apparatus. Firstly, the buccal or anterior section of the

gut, of ectodermic origin, which comprises the first dilatation or

buccal cavity and the oesopliagus. Secondly, there is the mid-gut,

of endodermic origin, comprising the second dilatation or stomach.

Thirdly, there is the hind-gut or intestine. The anterior dilatation

or buccal cavity is absent in the Lamellibranchs, Avith the exception

of certain Nuculidae. Cuticular formations are present in different

parts of the internal Avail of the alimentary tract, and are specially

developed in its anterior portion. They occur around the mouth

—

having the form of a prehensile collar in Doris—but more
particularly in the buccal cavity, Avliere tAvo different sorts of

cuticular formations are found, the mandibles and the radula. The
mandibles are anterior, dorsal, and unpaired in the Dentaliidae,

Patellidae, Pulmonates, Aegirus (Fig. 73, B), etc., but i)aiied and
lateral in the majority of the Gastropoda. In the Cephalopoda the

members of the pair are dorsal and ventral (Fig. 266). These
organs are chitinous, and are only calcified in certain Chaeto-

dermidae, and partially so in Nautilus.

The radula is characteristic of the phylum JMollusca. It exists

throughout the series, from the most archaic forms upward, and is

only absent in the most specialised types, in Avhich it has evidently

been lost, such as certain Ncomeniomor})ha among the Aplacophora,
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the Lamellibranchs, Aarious isolated forms of Gastropoda, and the

Cirrhoteuthidae among Cephalopods. The rudular apparatus has

the form of cliitinous teeth, disposed in transverse rows ; the

number of teeth in each row is sub-
^

jeet to variation, but they are always

arranged symmetrically on one side

and the other of a central tooth

(Fig. 2).

Thus there are eight lateral teeth

on either side of the central tooth in

Polyplacophora (8.1.8) ; two laterals

on either side of the central iu

Scaphopoda (2.1.2); three laterals

on either side of the central in almost

all Cephalopods (3.1.3). In the

Gastropods the number of teeth in

each row varies considerably in the

different sub-groups. The radular

ribbon issues from a pharyngeal

caecum, in which it is secreted, and

is applied to the surface of paired

cartilaginous pieces situated on the

floor of the buccal cavity. These

so-called cartilages have a chai'ac-

teristic vesicular structure quite dif-

ferent from that of ordinary cartilage such as is found in Cephalo-

pods and Opisthobranchs. Applied to these cartilaginous pieces

the radula, 1)}' the action of special muscles, executes backward
and forward rasping movements.

The cuticular lining of the stomach is specially developed in

Lamellibranchs and in certain Gastropods in which it is sometimes

differentiated into masticatory plates provided with special muscles.

The buccal cavity or anterior dilatation of the alimentary tube

receives in the Amphiiieura, (iastropoda, and Cephalopoda, the

secretion of the so-called sali\ary glands, of which one or several

pairs may be present. The oesophagus may present various

forms of accessory dilatations, known as "gizzards," glandular

regions, etc.

The secretion of an important and vohiminous digestive gland

is poured into the second primary dilatation of the gut or stomach :

this gland is called the liver, l)ut this name must not be taken to

imply a physiological identity with the liver of \ ertebratcs. The
liver is an acinous glandular organ, the e])ithelial cells of wliich are

all very similar to one another in Poly])lacophora, but in other

forms they are generally dift'erentiated into ferment cells and
excretory cells. From the physiological point of view this gland is

Fig. 2.

Transverse rows of tlie radula. A,
Jlnivorhiton ruhcr ; B, Nutica c/ai'sc. ; f,

J'ulsellum telmgnninn ; I), Jtossiu ijlau-

ropis; all imicli eiilar;;e(l. r, central
tooth ; I, lateral tei'tli ; m, marginal
teeth. (After G. O. Sars.)
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a hepato-pancreas, since its secretion peptonises albuminoids, converts

starches into sugar, and saponifies fats. Absorption of digested

food-stuffs is effected, in some forms at least, by the liver itself,

and finally this gland has an excretory function in that it secretes

waste products of metabolism into the alimentary tube.

The stomach (in various Gastropods, in Scaphopods, and
Lamellibranchs) is provided with a caecum in which a crystalline

style is often secreted. In addition there exists, in some
Gastropods and Cephalopods, a caecum coiled in a spiral. These
two structures do not appear to be homologous, for in some
Gastropods (Nasso2)sis) the spiral caecum and the sac containing the

crystalline style occur together. The intestine, or at least its

terminal portion, is furnished, in nearly all groups of Mollusca,

with a longitudinal ridge called a typhlosole or with a furrow
bordered by two ridges. An anal gland is present in various

Gastropods, in Dentalium, and in nearly all Cephalopods.

3. Ciradcdion and Respiration.—In addition to the cavity of the

alimentary tube two other important cavities, completely separated

from one another, are found in the Molluscan body. The first,

called the coelomic cavity, communicates freely Avith the exterior,

and is generally reduced to the pericardium and the gonadial or

genital cavity. The second is very probably the remnant of the

blastocoel or segmentation cavity, and is continuous with spaces

in the conjunctive mesenchyme of the integuments. It is filled

with a fluid blood or haemolymph which is at once nutritive and
respiratory in function. This cavity constitutes the circulatory

apparatus.

The circulatory apparatus is pro\ided, for a greater or less

part of its extent, with j^roper endothelial walls ; where these are

absent it is lined by connective tissue so that the organs are never

brought into direct contact with the blood. The circulatory cavity

is, in fact, more or less specialised into arteries and veins of

vascular structure, Imt there are rarely tubular capillary ramifica-

tions, except in the integuments of Cephalopods. INIore usually

the capillaries are swollen irregular cavities. The rest of the

circulatory system is formed of sinuses;— irregularly defined

spaces in the connective tissue and specially abundant in the

integuments. In fact, the phenomenon of phlebopdesis (Ray
I/ankestcr) is manifested in a very high degree in the Mollusca,

the cavity of the circulatory system l)cing distended and in-

sinuated among the organs to such a degree as to push back

and diminish the coelom, though no communication is ever estab-

lished between the two. The blood-vessels pass abruptly into the

sinuses, and in some cases communication between sinus and blood-

vessel is established by oi'ifices in the walls of the latter. Remark-
able instances of this form of communication may be seen in the
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vena cava of Nautilus, in the auricle of Patella (Fig. 80), and in the

afferent branchial vein of Ajdi/sm.

The central and pulsatile portion of the circulatory apparatus

is well developed, except in the Entoconchidae. It is situated

Diagram to -show tlif- relations of tlio lioart in the MoUusca. A, part of the dorsal vascular
tnink and transverse trunks of a Chaetopod worm; II, ventricle and auricles of Nafdilns; C,

of a Laniellibranch, ofCliitim, or of Lol i (jo ; 1), of Octnpii.'i ; E, of a Gastropod, a, auricle; a.c,

arteria ceiilialica (aorta); ai, arteria abdoniinalis ; v, ventricle. The arrows show thcj direc-
tion of the blood-current. (l'"rom Lankester, after Gegenbaur.)

on the dorsal side in the pericardium, except in Anomia and the

Octopods, and originally at the posterior end of the animal. In no
case is the pericardium a blood sinus ; it is a portion of the coelom,

without communication with the circulatory system, as is shown by
the absence of red corpuscles in the pericardium of such Molluscs

as have red blood (Penrose and Ray Lankester).

The heart is entirely arterial, and comprises, firstly, a median
ventricle, with muscular walls and internal fleshy columns, the

fibres of which give the appearance of

striation : being spongy in texture, this

organ has no intrinsic nutritive vessels.

Secondly, two (in Nautilus four) paired

auricles, disposed symmetrically on
either side of the ventricle. The
auriculo-ventricular openings are simple,

except in the Polyplacophora, where
they are frequently multiple (Fig. 4).

Each opening is provided with a valve

opening towards the cavity of the

ventricle and preventing the reflux of

blood into the auricle. Freciuently one
member of the single pair of auricles

Fio. 4.

Ileai-t of Chiton pcllis-nerj^ntis, dor-
sal aspect. I, left anterior anriculo-

,
-

,
ventricular coniniunication ; II, ven-

IS much reduced, or may be al»Orted, tncle; III, right anterior allerent

„„ ;, 4.1 « iU '•
-i c n vessel; IV, V, VI, right T)osterior

as IS the case in the majority Ot Gas- afferent vessels; VII, left auricle;

trODOds (Fii? 3 E^ VIII, left posterior auriculo-ventricu-
i

. .
.^' ' '" lar communication.

Primitively a single, morphologically

anterior aorta is given off from the ventricle, and this condition

persists in the Amphineura and in the archaic Lamellibranchia.
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The aorta together with the ventricle forms a dorsal vessel com-

parable to that of Annelids. Secondarily a second and morpho-
logically posterior aorta may be formed, as in the Gastropods and
the majority of Lamellibranchs (Fig. 3, E), and even a third (the

genital aorta of certain Cephalopods) may be formed in connection

with the first. The ramifications of these aortae carry the blood

throughout the body. The kidneys, however, are supplied almost

entirely with venous blood, from which their cells extract and
excrete the waste products of metabolism. Thus the circulation

of the kidneys may be described as a portal system.

The blood is generally a colourless lluid containing amoel)ocytes

and sometimes haematicls. It may be of a bluish colour, due to

the presence of haemocyanin, an albuminoid containing copper

(Fredericq). In other cases it is red, owing to the presence of

haemoglobin, which may be in solution in the plasma (Planorbis) or

may be localised in haematids (red blood corpuscles). These are

present in Fectunculns, Area, Ceraiisokii [Lankester], I'oromi/a, and
Neomeniomorpha. The musculature of the Imccal bulb has been

shown by Lankester in Gastropoda to owe its red colour to

haemoglobin impregnating the muscular tissue. The density of

the blood is always greater than that of water, greater even

than that of sea-water in the case of some marine molluscs. The
blood of Anodonta contains ten times more salts than the sur-

rounding medium : the density of the blood of Octopm is 1,047.

The pressure of the blood in the arteries amounts to from 3 to 5

centimetres of Avater in Anodonta and to 108 centimetres of water

in Octopus.

The volume of blood in some groups, particularly in the

Lamellibranchs and Gastropods, is so great that it plays a very

important part in the turgescence of various parts of the integu-

ment, by filling the tegumentary siinises during the relaxation of

their muscles. To this end some blood spaces, corresponding to

difterent turgescible organs, are separated by valves which admit of

the accumulation of a considerable volume of blood in a definite

portion of the body. Examples of this are found in Gastropods

and in the valve of Keber in Lamellibranchs.

L'espiration.—The venous blood is oxygenated almost exclusi\'ely

in the superficial tegumentary sinuses of the mantle, this organ

receiving a comparatively feeble supply of arterial blood. A
portion of the fi'ee or ventral surface of the mantle is specialised to

form a respiratory organ, throiigh which passes nearly the whole of

the blood that is returned to the auricles. These tegumentary

organs, enclosing a part of the vascular system, project into the

surrounding water in the form of jjallial exi)ansions, normally

paired, in Avhich the blood is oxygenated. This special part of the

circulatory system is often regaided as a separate organ under
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the name of tlic "respiratory apparatus." It is constituted

by the ctenidia or branchiae properly so-called, of which there

may be one or many pairs. There are tAvo pairs in Naufilus
;

from four to eighty pairs in the Polyplacophora, and where a

single pair is normally present it may be reduced to a single

azygos organ, generally in correlation with the reduction of

the auricles.

The ctenidia are situated primitively in the posterior or anal

region of the mantle, but they may be multiplied and spread

anteriorly, or both anteriorly and posteriorly (Polyplacophora,

Fig. 28), or without l)eing multiplied they may extend pro-

gressively towards the region ojjposite to their primitive situation.

Dia^'ains of transverse sections of the cteniilia of various MoHusca. I, Chiton ; II,

Pleurotoinaria ; III, TiiH-hus; IV, M^tcula ; V, A(nitili(.< ; VI, Cliai-trnierma; VII, llaliotis; VIII,

Lanina ; IX, Solenomya ; X, Hepia. «, aflerent vessel ; e, ellerent vessel ;
]ia, mantle.

as in Gastropods and Lamellibranchs. They are shorter in Xncula

than in Area; shorter in Area (Fig. 188) than in Avicida (Fig.

236) ; shorter in I'leurotomaria than in Trodtus, and in Trochus than

in Fismrella.

These ctenidia have exactly the same structure in the archaic

members of the ditierent groups : an identical fundamental

structure may be recognised in the Polyplacophora, in the

Rhipidoglossa among Gastropods, in the I'rotobranchs among
Lamellibranchs, and in the Cephalopods (Fig. 5). Each ctenidium

consists of an axis containing two vascular trunks. The one,

an afferent vessel, in which the blood current is centrifugal,

communicates with a " vena cava " or with a simple venous .sinus
;

the other is the efierent vessel, in which the current is centripetal,

and the auricle is nothing more than its specialised terminal

portion. The auricle, in fact, has the iiniervation of a pallial
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organ like the ctenidium ; the ventricle that of a visceral organ

properly so called. Each side of the axis bears a row of respiratory

filaments, generally flattened, but of variable shape, whose cavities

communicate with the two A'ascular trunks of tlie axis. It is in

the cavities of these filaments that the blood absorbs oxygen
dissolved in the water. The continuous renewal of water on the

surface of the ctenidium is provided for by a covering of ciliated

epithelium. The ciliated epithelium is absent in Cephalopods, but

in this group the powerful musculature of the mantle and siphon is

sufficient for the purpose.

The whole volume of venous blood, however, is not in all cases

passed through the ctenidia : a smaller or larger part may be

distributed to the mantle and thence returned directly to the

heart. This arrangement is found in a considerable number of

Gastropods (Heteropods, Pleurobranchs, and Nudibranchs) and in

the majority of Laniellibranchs. Finally, the typical respiratory

apparatus may be complicated by specialisation or by reduction,

and may disappear altogether, as in the Neomemiidae, the

Scaphopoda, the Septibranchia, and a large number of Gastropoda.

In such cases the function of oxygenating the blood is wholly

transferred to the free surfaces of the pallial integuments, which
often form a secondary respiratory organ, especially in the

Gastropoda. In aquatic species this secondary apparatus takes

the form of "pallial branchiae," in terrestrial species of a
" lung."

In certain cases there is a localised blood-gland or lymphatic

gland Avhich, from its phagocytic function and the formation of

amoebocytes, may be said to have the physiological character of

the spleen of A'ertebrates. This organ is generally situated on the

course of the aorta, instances being found in many Opisthobranchs

and in the "white body" of Cephalopods (Fig. 268). It consists

of conjunctive tissue in which blood corpuscles are formed at the

expense of the conjunctive cells. In other cases the gland is

diffuse, that is to sa}^, distributed in a more or less irregular fashion

in the conjunctive tissue in the form of plasmatic cells.

4. Coelom.—The walls of the coelom of Molluscs are completely

covered by a continuous epithelium, partly genital, partly excretory.

The coelom is divided into several different cavities, gonadial,

pericardial, and renal, the two last named being excretory. The
gonadial and reno-pericardial cavities are separate, except in the

Cephalopods and aplacophorous Amphineura. It must be assumed

that the " Frorhipidoglossa," the common ancestors of the

Gastropods, Scaphopods, and Laniellibranchs, had also this

communication between the pericardium and genital cavity, and it

is preserved in the more archaic Gastropods and Laniellibranchs

(certain Khipidoglossa and Protobranchs), in which the gonads
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open, not into the pericardium, but in the reno-pericardial duct,

uniting the pericardium to the kidney. Such an arrangement is

found in Trochus, Sohmomya, etc. (Fig. 5^'*, g, i) ; and here Ave find

that the genital and pericardial cavities are united to the kidney

by a common duct of double origin, genital and pericardial. As a

further dift'erentiation, we find in a fairly large number of Lamelli-

branchs and in the Scaphopods that the two distinct branches of

this duct become longer (Fig. 5 '"*',
j) ; then the common duct dis-

appears, and the gonad opens directly into the renal sac (Fig.

5*^ h, k).

The pericardial coelom always surrounds the heart except in the

Octopoda and the Anomiidae, or is much reduced or absent.

Sometimes prolongations, ramifications, or parts of this pericardial

cavity have their walls much specialised to form an excretory

apparatus, known as the pericardial glands. The pericardial

coelom always communicates with the renal sacs or renal portion

of the original coelom : in Nautilus alone the kidneys are no

longer continuous with the pericardial cavity, and this latter opens

directly to the exterior by "coelomopores," orifices peculiar to

itself.

The Cephalopods have a pair of coelomoducts leading directly

from the genital cavity to the exterior. In the Aplacophora this

genital space only communicates with the exterior through the

intermedium of the pericardium and renal sacs. The polyplaco-

phorous Amphineura have acquired two special genital canals,

through which the sexual products are discharged, but they do not

appear to be true primitive coelomoducts (Fig. 5^'*, e ; Fig. 30, D).

Finally, in the Lamellibranchs in general and in the Gastropods

the genital ducts are formed at the expense of a portion of the

renal sacs and ducts (on one side only in Gastropods) ; but the

male ducts of the hermaphrodite Lamellibranchs, the Anatinacea,

are neomorphs and an exception to the general rule.

5. Excretory Organs.—The essential organs of excretion are the

renal sacs or urocoeles, whose morphological nature requires

further elucidation. They consist of paired canals, more or less

modified, which open to the exterior on the surface of the body
and internally into the pericardium, except in the case of Nautilus,

in which, as described above, the pericardial coelom has its own
separate orifices, and in Dentalium. The reno-pericardial apertures

are more or less elongate ciliated funnels whose cilia create a

current in the direction of the kidney. In Elysia alone does the

kidney possess multiple reno-pericardial apertures, to the number
of about ten (Fig. 92). True "nephridia" (Lankester) only occur

in the young stages of certain Gastropods (Pulmonates (Fi,<,'. 118),

Paludina, etc.) and in Lamellibranchs ; they are described below

under tlie head of Embryology (p. 13G).
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In cases in which a single pair of renal sacs is present, ore

member of the pair is often rudimentary or absent. This condi-

tion is found in the majority of Gastropods, where the ctenidium

K
^W^—-y^^'"

Fio. oi"'.

Transformations of the genital duct in the MolUisca : iliagranimatic dorsal views of the peri-

cardium, gonad, and kidneys, a, ancestral hypothetical form ; ?), C'ephalopod ; c, stock form
of Amphineura; d, Aplacophora ; c, Polyidacophoni

; /, Prorhipidoglossiim ; g, some Rhipido-

glossa (A'nuiri/uiK^a, etc.); /i, specialised Gastropod; i, Protobranch Lainellibranch ; j, Vtcltn;

k, Eulamtdlibranch. I, i)oricardial part of coeloni ; II, gonad ; III, kidney ; IV, genital duct of

Cephalopoda and I'olyplacophora ; V, iluct Uviding from the gonad into the pericardium, into

the rcno-pericardial duct, or into the kidney ; VI, rcno-pericardial duct; VII, secondary genital

duct iu specialised Gastropoda and Lamellibranchs.
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and auricle of the same side (topographically the right side) are

also atrophied or have disappeared (Fig. 55).

Almost all the venous blood that passes to the ctenidia tra-

verses the kidnej's, so that there is a renal portal system. The
renal sacs are, in fact, irrigated by conduits which lead to the

afferent branchial veins, and these conduits may traverse the

kidneys, as in Cephalopods (Fig. 273), or may surround them, as

in Septiljranchs (Fig. 210). Consequently the blood passing through

the ctenidia is devoid of the products of excretion.

The surface of the excretory sac which foims the kidney may
be greatly increased by folds, by the formation of caeca, etc. Its

walls are glandular for a greater or less part of their extent, and

consist of an excretory epithelium in the cells of which the

nitrogenous products of metabolism are accumulated. These

products are ejected in the solid or liquid form, and vary from one

group to another as regards their chemical constitution. They
consist essentially of guanin in the Cephalopods, of uric acid in

Gastropods, except in Cijclodoma, where they consist of urea, as is

also the case in Lamellibranchs, in Avhich group uric acid is not

normally found. The external water does not penetrate into the

kidney, nor, a fortiori, does it enter the pericardium. It has,

however, been established that water may occasionally enter the

kidney of certain Heteropods and of Styliger, an Opisthobranch of

the family Hermaeidae.

The glandular part of the kidney is not the only region in

which a glandular epithelium may be present. The epithelial

lining of the pericardium may, in various groups, be specialised to

form a pericardial gland (Grobben) whose excretion is more acid

than that of the kidney properly so called. Such a gland may be

seen on the surfaces of the auricles or in the ramifications of the

pericardium in Gastrojiods, Lamellibranchs (Fig. 212), and in

Cephalopods (Fig. 273). This glandular region has a blood supply

analogous to that of the kidney, and one may even sec, in Nantihis>,

the renal epithelium and that of the pericardial gland developed at

the same level on the same afferent branchial vessel, the one on the

one side, the other on the other side. The pericardial gland

eliminates the waste products which are excreted by the Mal])ighian

glomeruli of the vertebrate kidney ; the molluscan kidney, properly

so called, deals, on the other hand, with the same pioducts of

excretion as the tul)uli contorti. Certain liver cells also constitute

an important organ of excretion, especially in the Opisthobranchs

and Pulmonates. In tiie latter the doisal wall of the pedal gland

is also excretory, and finally veritable accumidatory excietory

organs are often formed in the conjunctive tissue by plasmatic

cells known as the "cells of Lcydig." True ncphridia exist in

developmental stages in the form of " larval kidneys."
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THE MOLLUSCA

6. Nervous System and Organs of Sense.—In the nervous system of

Mollusca a perioesophageal collar is normally present, of which the

dorsal moiety is the cerebral and the ventral moiety the laMal com-

missure. From either side, at the junction of the two moieties of

the collar, nerve cords distributed to the integuments take their

origin. These latter are differentiated into a dorsal pair, innervat-

ing the mantle, and a ventral pair, innervating the foot : they may
he ganglionated throughout the whole of their extent, as in the

pallial cords of Amphineura and the pedal cords of Amphineura
and Aspidobranchs, or they may bear localised ganglia, known as

the pleural and pedal ganglia respectively, near their origins.

These two paired cords are connected by anastomoses, the most
anterior anastomosis being always preserved and known as the

pleuro-pedal connective. The pedal cords or centres are united by
anastomoses ventrad of the digestive tract, the most anterior and
at the same time the largest of the anastomoses being always

retained as the pedal commissure. The pallial cords are often

united by an anastomosis dorsad of the rectum as in Amphineura,
Cephalopods, Lamellibranchs, and various Gastropods. The
nervous system of Molluscs is thus characterised by its oesophageal

ring, from which issue four, originally parallel, tegumentary nervous

cords (Fig. 19).

The visceral organs ai'e innervated firstly by trunks given off

from the labial commissure. These trunks, uniting under the

oesophagus, form an anterior or stomato-gastric visceral commissure,

bearing on its course two ganglia which are situated near and
partially innervate the buccal bulb and also the whole of the

oesophagus and stomach. In some cases, e.g. the Cephalopods and
certain Tectibranchia, the stomato-gastric commissure bears

stomachal ganglia. The viscera are innervated, in the second

place, by trunks issuing from tlie pallial cords and distributed to

the circulatory, excretory, and genital viscei'a. In all Molluscs

except the Amphineura the two most important of these trunks are

united below the digestive tube, thus forming an infra-intestinal

loop or " visceral commissure," provided with one or more ganglionic

centres (Fig. 19, v.<j). These two visceral loops, the stomato-gastric

and the visceral properly so called, are generally united together

by anastomoses (Cephalopods and Gastropods).

Tliere are, therefore, tliree kinds of nerve-centres in ^Molluscs :

(1) sensory centres, represented by the ganglionated cerebral

commissure or differentiated cerebral ganglia
; (2) tegumentary

centres, represented by the pleural and pedal cords or ganglia
;

(3) the visceral centres, represented by the stomato-gastric and
the visceral loop properly so called.

The nerve-centres consist of a superficial portion, made up of

ganglion cells, and a central fibrillar portion which is almost
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exclusively composed of prolongations of sensory or centripetal

nerve fibres. The prolongations of the superficial ganglion cells are

continued into motor or centrifugal nerve fibres. Isolated ganglion

cells are to be found in the muscles of the heart and in those of the

buccal bulb (Pulmonata).

The nervous system, being in close relation to all the other

organs, is of great importance to the morphologist, and the more so

because it is the last to be influenced by the modifications under-

gone by the organism. At the same time, every modification of

an organ is faithfulh^ reflected by the nervous system. In such

forms as are still slightl}^ dift'erentiated, the large nerve cords are

uniformly covered with ganglion cells : in less primitive forms the

special development of certain parts of the body has jiroduced a

pre[)onderant development of certain nerves corresponding to them,

and nerve cells accumulate and give rise to ganglia at the bases of

these more highl}' developed nerves. Accessory ganglia may also

be formed at diflerent points of the nervous system, either at the

bases of sensor}^ organs (Figs. 94, hr.rj ; 214, os, etc.) or at the

origin of important nerve trunks (Fig. 159, ?). The ganglion

centres may be shifted along the cords on which the}'' are situated

in consequence of changes in the parts that they innervate.

Similarly, a nerve may be shifted along the cord from which it

issues until it seems to have changed its place of origin, but its

fibres always maintain their connection with their primitive nerve-

centre.

The approximation or the union of two parts of tlie bod}'' in-

volves the approximation or fusion of the corresponding ganglia
;

or if one of the two parts is atrophied, its nerve-centre is reduced

and may be fused with the adjacent nerve-centre. The various

ganglia exhibit a general tendency to centralisation, all the

principal sensory organs being aggregated at the anterior part

of the body. At first all the sensory and motor nerve - centres,

and finally all the others (Cephalopoda, Nudibranchia, many
Pulmonata), become localised in the same region and are grouped
together.

Organs of Sense.—The function of general sensibility is spread

over the whole of the free surface of the envelope of the

body and the surfaces in continuity witli it : included among the

latter are the internal surface of the mantle, and especially its

glandular tracts, and all invaginations of the ectoderm, such as the

pedal glands, the terminal portion of the rectum, the kidneys, etc.

On these various surfaces sensory elements are found among the

epithelial cells in the form of neuroepithelial or end-cells, which
sometimes traverse a thick calcified cuticle (aesthetes of Chiton,

Fig. 24). These elements are particularly numerous in the most
exposed parts, such as the cephalic tentacles of Gastropods, the
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epipodial tentacles of Ehipidoglossa, the pallial tentacles of Lamelli-

branclis, etc., which therefore have the more special function of

tactile organs.

Taste organs in the form of sensory biilljs or cups have been

shown to exist in the buccal ca\ity or round the mouth of several

Molluscs. There are several kinds of organs of olfactory or some

analogous function ; such are the cephalic rhinophores and the

pallial osphradia. The rhinophores are situated on the head, and

are frequently borne on more or less prominent appendages

resembling tentacles (Fig. 163, /) ; or in other cases they have the

form of a pit, as in the Ceplialopods (Fig. 259, ol). The nerve of

each rhinophore is supplied by the corresponding cerebi-al ganglion,

and is sometimes partially united to the optic nerve. The osphradia

(Ray Lankester) are situated near the entrance to the pallial cavity

(Figs. 58 and 89, os; 99, XVI.), on the course of the branchial

nerve, but sometimes, as a result of specialisation, they are situated

on separate ganglia. The osphradia have the form of ridges or

pits lined by sensory epithelium, and their function is to test the

respiratory fluid. It has been demonstrated, in certain Lamelli-

branchs at any rate, that the nerve-fibres supplying the osphradia

originate in the cerebral ganglia.

The otocysts (de Lacaze-Duthiers) are invaginations of the

integuments of the foot. In the Protobranchs (Pelseneer) and in

Mjjtilus (List) they are ofocrypfs, that is to say, they are still open

invaginations ; but in all other Molluscs these organs are closed

and contain auditory granules or otoliths suspended in a fluid

secreted by the wall of the otocyst, this latter structure being

furnished with sensory and ciliated cells. The otocysts, even when
they are attached to the pedal ganglia, are innervated from the

cerebral ganglia (Koren and Danielssen, de Lacaze-Duthiers, Leydig;

Figs. 123, C ; 146). They are absent both in the young and adult

Amphineura and in the adult stages of various sessile Molluscs.

It is through the agency of these organs that the animal is able

to perceive disturbances in the surrounding medium, and the re-

sistance offered to the locomotory apparatus : thiough them the

creeping Molluscs preserve their orientation and swimming ^lolluscs

their ecpiilibrium.

'The Eyes are normally cephalic structures, one pair in number,

symmetrically placed on or at the bases oF the cephalic tentacles.

Cephalic eyes are absent in the Scapho{)ods and in the adult state

in Amphineura and the Laniellibranchs (with the exception of the

Mytilidae and Avkula). In Molluscs devoid of cej)halic eyes, visual

orirans are often develoi)ed on the mantle. Thus amoni; the

Amjihineura they arc found over the whole surface of the mantle

in the Chitons ; among the Laniellibranchs on the borders of the

mantle only in the Arcidae and in numerous Pectinidae ; finally, one
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Gastropod, Oncidiuiii, possesses, irx addition to a pair of normal

cephalic eyes, numerous pallial eyes scattered over the whole dorsal

surface.

The cephalic eyes are ])igmeiited invaginations of the integu-

ment : they may be open, without any refractive body, as in Patella

and JVdutilKs (Fig. 0, A), or with a crystalline lens, as in Pkniroto-

maria, Trochus, Haliotis, etc. They are closed, and have a cornea

and an internal crystalline lens in the majority of Gastropods and

in the dibranchiate Cephalopods (Fig. 6, B, C). The pallial eyes may
be " compound,"' without an internal crystalline lens (Arcidae), or

simple. In the latter case they may present one of the following

characters:—(1) an internal crystalline lens and a deep retina

(Polyplacophora, Fig. 33) ; (2) an internal crystalline lens and a

Ca.ep C

Diagrams of sections of the eyes of Mollusca. A, Nautilus ; B, Gastropod (Livmx or Hclu) ;.

C, Uibrancliiate Coplialuiiod (uigopsid). Co, external cornea ; Co.ep, internal cornea ; Cop,
optic gan^'lion ; Int, /h(1, Inl-, Inl-\ ditlerent parts of the integuments ; /r, iris ; /, crystalline
lens ;

<i, outer (extra-conieal) portion of the lens ; K.op, optic nerve ; X.S, nervous stratum of
the retina ; I'al, eyelid ; x, inner layer of the retina. (From Lankester, after Grenacher.)

superficial retina (Peden, Fig. 217); (3) an internal crystalline

lens, the retinal cells reversed and the nerve traversing the retina

(Oncklium). With the exception of the Cephalopods, and
possibly also the Heteropods, the vision of Molluscs is limited.

In the forms devoid of eyes, as in other groups of the animal

kingdom, the general surface of the body is capable of dermatoptic

perceptions.

7. Organa. of Generation.—Among Molluscs in general the sexes

are separate, and this is the case in the most archaic forms of the

dift'erent groups of the pliylum. Hermaphroditism, on the contrary,

is always a sign of specialisation, and is only found as a normal
condition in one sub-order of Amphineuia (Neomenioinorplia), in one

sub-class of Gastropoda (Euthyncura), in some genera of Strcptoneura,

in one order (Anatinacea), and in some isolated species of Lamelli-
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branchia. In the forms with sepaiate sexes there is often a definite

sexual dimorphism, which is exhibited not only by the presence of

a copulatory organ (Cephalopods and the majority of Gastropods),

but also in the breadth and even in the greater size of the

females (Fig. 7, /). It has been shown that in the Cephalopods

hyperpolygyny is the rule, and in certain Atlantae and American
Unionidae, hyperpolyandry. The gonads are primitively paired

and developed from the coelomic wall, but they are only in direct

communication with the remainder of the coelom (the pericardium)

in the Aplacophora (Figs. S^'*', d ; 30, C) and the Cephalopoda (Fig.

5'"'*, h). In the former case the genital products fall into the peri-

cardium and are carried to the exterior by the renal ducts, which thus

act as gonaducts. In other cases the genital products may be dis-

charged into the reno-pericardial duct {Irodms, Fig. 55 ; Soleiiomya),

and are thence expelled through the kidneys, or they may be

discharged directly into the kidneys, more or less close to the

external renal orifice (various archaic Lamellibranchs, the majority

of Rhipidoglossa, Scaphopods). Otherwise, in all groups, the gonads

open to the exterior by their proper pores, which are nearly

always adjacent to the renal openings ; they may, however, be more

or less removed to a distance from the lattei', and in certain

hermaphrodite forms (Pulmonates and Nudibranchs) the renal

orifice is near the anus and the genital aperture is secondarily

separated from it and shifted towards the penis.

Accessory glands are often developed on the course

of the genital duct, especially in the female.

The male and female elements are formed from

the epithelium of the gonad : each oogonium gives

rise to a single ovum with its polar bodies, while

each spermatogonium gives rise to several sperma-

tozoa. The eggs of Cephalopods, of the majority
''„.,, of Polyplacophora, and of the Lamellibranch

Lacuna pdlhdtda. •' -^
_^. r\\ •

The male in situ on Pseudokellya {t ig. 220) are invested by a contuiuous

the sheu - aperture of cellular folHcle. In hermaphrodite Molluscs the

femaie'-'m^'iiiaie.^"
'^' spcrmatozoa ripen before the ova ; the herma-

phroditism is therefore ])rotandric. The herma-

phroditism also is not self-sufficient, and the ova of one individual

must normally be fertilised by the spermatozoa of another individual.

The " parthenogenesis " observed in hermaphrodite Pulmonata
(Arion, Limnam), which have been isolated from the time of their

birth, is possibly due to an abnormal autofertilisation.

" Progenesis " has only been observed in one Gymnosome
{Clione), in which the larval characters are preserved for a long time.

Copulation only takes place in such Gastropods, whether monoecious

or dioecious, as are provided with a penis, and in the Cephalopoda.

In several members of the latter class the copulatory organ, or
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hectocotj'lus, is caducous and travels independently in search of

the female. In those IMolluscs which do not copulate the eggs

are fertilised after oviposition. The eggs are laid separately in the

Amphineura, in the more archaic Gastropoda, in the Scaphopoda, and
in almost all the Lamellibranchia (that is to say, generally, in the

forms that do not copulate), but in the majority of aquatic Gastro-

pods and in the Cephalopods the eggs when laid are united into

a gelatinous or coriaceous nidus, which may be attached (benthos)

or Hoating (plankton). As a rule, Molluscs do not nurture their

progeny, and when once the eggs are laid they take no further

heed of them. Some of them, however, retain their eggs till the

time of hatching, and are therefore called incubatory forms (Fig. 8).

Examples of incubatory forms occur among the Lamellibranchs,

especially the .specialised eulamellibranchiate Submytiiacea ; among
marine Gastropods {Fermfius, etc.), among freshwater Gastropods
(Mela)iia, etc.), and even among the octopodous Cephalopods (An/o-

nautd), but the luimber of truly

viviparous forms is very small.

Callistochiton among the Amphi-
neura and several genera of

aquatic and pulmonate Gastro-

pods are the ordy instances. fio. s.

Tlip JiiimKpr nf po-cro IqiM i<s vpr\r Stenogyra mamilhita, left side view, with four
1 ue numuei OI eggs laiU is ver^y embryos in tlie oviduct, m, embryo.

variable. It is always greater in

the case of those marine Molluscs Avhich abandon their eggs to

the mercy of the waves than in those which deposit them in a

nidus, agglomerated together in ribands or in shells in which the

embryos are naturally protected. Thus Osfraea may lay as many as

60,000,000 eggs, c'/iifon 200,000. On the other hand, numerous
eggs ai'c found in the nidus of certain Nudibranchs (50,000 in the

case of Do'ris), C«'phalopods (Loligo, 40,000), and pelagic Gastropods

{Cijmbulia, 1200). In all cases in which numerous eggs are laid

free larval forms are developed, but when the whole of the develop-

mental stages are passed through within the egg-membranes, and
when the young individual is hatched with the characters of its

parents and undergoes no metamorphoses, the number of eggs is

generally small (Cenia, 4-12), or tlie greater numljer of the eggs laid

is absorbed and furnishes nutriment for a few embryos (Bucdnum,

Purpura, etc.). In the following cases also eggs are laid in small

numbers:—(1) In incubatory forms, such as Vcrmetua, where from
120-240 eggs are incubated in the pallial cavity, under the

protection of the shell
; (2) in terrestrial and fluviatile species, in

which tlie number of eggs is alwaj's smaller than in marine forms.

In this case caenogenesis or embrj'OJiic condensation is the rule
;

the young animal quits the egg in the adult form, and there is no
need for a large number of embryos. Instances in point are

—
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Limnaca, 20-100 eggs; Ilelij; 40-100; Anci/lus, 5 or 6 ; Falvata,

1 7 ; Neritina, 50-60. Lastly, the number of eggs is small in

viviparous forms: in Palndimi there are about 15; in Sv.biilina

(Fig. 8) there are 4.

III. Embryology.

In the Molliisca the segmentation of the egg is unequal. In

some primitive forms, it is true, the first two or three divisions are

I'egular (Patella, Fig. 9, A ; Chiton), and the two first blastomeres

are often equal in size, but it is frequently the case that even the

first division is unequal (many Lamellibranchs, Rachiglossa, etc.).

From the first phases of segmentation up to the blastula stage one

may distinguish two kinds of cells or blastomeres : the ectodermic

cells, called ectomeres or micromeres ; and the endodermic cells,

called endomeres or macromeres. In the more jjrimitive forms,

however, such as Patella (Fig. 9, A), and the Protobranchia, there is

Egi,'s of various Jlollusca, at the same stage, with 4 micromeres. A, I'utcUa (Patteu) ; B,
Lacuna ; C, Teredo (Hatschek) ; X), o'ejna (KoUiker). i«a, macromeres ; tiii, micromeres.

scarcely any difference in size between the two kinds of blastomeres,

but in pi'oportion as the endodermic cells are charged -with food-yolk

so does the dirt'erence in size become accentuated, as may be seen

in the Taenioglossa (Fig. 9, B), and particularly in the Lamellibranchs

(Fig. 9, C) and Rachiglossa. In the last-named group the irregu-

larity of segmentation reaches its inaxinntm, leading to the stage

of incomplete or meroblastic segmentation characteristic of the

Cephalopods (Fig. 9, D). It is quite exce})ti()nal for the segmenta-

tion to become secondarily regular, as in PulmUna, where this

condition is due to the diminution of the yolk (Fig. 110).

The separation of the ectodermic from the endodermic elements

of the embryo follows a constant rule, similar to that wliich obtains

among the Annelida. After the formation of the four jximary

micromeres two new series or quartettes of micromeres are formed

at the expense of the large endodciinic cells, and all the ectodermic

organs are formed from these three quartettes. The micromeres

multiply more rapidly than the macromeres, and there are even

cases, such as Dentalium (Fig. 184), certain Rachiglossa, and
Lamellibranchs {Teredo, Fig. 9, C, Ci/clas, Unionidae), in which there
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is only ;i single macromere during the early stages of segmentation.-

Tlie segmentation sphere or blastula is thus formed of two more

or less unequal moieties, respectively known as the formative

(ectodermic) and nutritive (cndodcrmic) moieties. Internally there

is a segmentation cavity or blastocoele, generally much reduced

(Fig. lU, A), except in certain Lamelliltianchs {Ciidn>f, Ih-eisscnsia,

etc.) and stylommatophorous Pulmonates. The animal or formative

pole of the egg is indicated by the presence of the polar bodies

;

the vegetative or nutritive pole is opposite, and at this point the

blastopore or orifice of the digestive cavity will be formed

(Fig. 110, A, A/).

'

Formation of the Jhijcstive Cavity and of the Dihlaxtula or Castrula.

—The Hnal result of the segmentation is that the micromeres form

a more or less complete envelope to the segmented ovum, covering

over the macromeres which remain within to form the endoderm.

Dnt the formation of this double-walled sphere, the diblastula or

Fio. 10.

Two types of Kastrnlae. .1, iiivaginate or embolic {Chltoii, : after Kowalewsky) : D, epibolic

{I'n-pidtda : after Coiikliii). W, blastopore ; cr, ectoileriii ; en, entoderm.

gastrula, may be eflected in one or the other of two apparently

ditterent methods, invagination or epiboly. Invagination or

ejuboly is certainly the more primitive method, and is realised in

ova with a relati\ely small amount of food-j^olk. In this case the

luitritive moiety of the blastula is doubled l)ack within the

formative moiety, much as one half of a deflated hollow indiarubber

ball may be pushed l>y the finger within the other half. These

two halves are separated by a remnant of the original segmentation

cavity, which is invariably much reduced by the process. The
invagination thus produced gives rise to the digestive cavity or

archenteron, lined by the endoderm and communicating Avith the

exterior by the blastopoi-e. As examples of this mode of formation

one may cite Chiton (Fig. 10, A), rahulina, the Pulmonata, the

Xudibranchia, the Pteropoda, the Gymnosomata and Limacinidae,

the Scaphopoda, Nucula, Ostraea, Pisidium, and the Unionidae.

The gastrula is formed by epiboly when the nutritive cells or

macromeres have become so much distended with food-yolk as to

be too large to be invaginated into the layer of micromeres. In

such case the micromeres as they multiply grow round the
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endoderm and gradually surround it, leaving at the nutritive pole

an orifice, which is the l:)lastopore. Examples of this mode of

formation are—Many streptoneuroiis Gastropoda {Troclius, Vermetus,

Crejndula, Fig. 11, Janthina), the majority of the Eachiglossa

{Columbella, Fusus, Nassa, Purpura, Urosalpinx), the Tectibranchs

{Accra, Philine, Ajjhjsia, Thecosomata), and many Lamellibranchs

(Fecten, Modiolaria, Cardium, Teredo, etc.). The two processes,

however, differ only in appearance, and there are intermediate

stages which form an insensible passage from one method to the

other. In fact, complete iiivagination only occurs Avhen the

segmentation is quite or very nearly regular (Faludina, Chiton, etc..

Figs. 10, A, and 110, A), but in consequence of the progressive

increase of the amount of food-yolk contained in them, the macro-

meres become larger and larger and are only able to be invaginated

at a late stage of development. That is to say, in certain embolic

gastrulae there is a commencement of epiboly, folloAved eventually

by an invagination of the macromeres (Firoloida, Clione, Ahicida).

In the various cases eiuimerated above the segmentation of the

ovum is complete or holoblastic. In the Cephalopods the case is

different, for the segmentation is incomplete or meroblastic (Fig.

289), a large part of the egg being formed of food-yolk Avhich takes

no part in the division. But it must be remarked that in various

types, such as the specialised Gastropods (Eachiglossa : A^ssa,

Purpura, Fusus, etc. ; Tectil^ranchia : Accra, Aphjsut, Carolinia, etc.),

there is a sort of quasi -distinct yolk, formed by the granular

portion of the macromeres. Hence the meroblastic or "discoidal"

segmentation of the Cephalopods is not absolutely distinct from

the total segmentation observed in other Molluscs : it is only an
exaggeration of epiboly. In fact, as the yolk forms the principal

part of the ovum and the protoplasm is concentrated at the

formative pole, the ectoderm is formed over a limited region of the

yolk (the "germinal disc" or "embryonic area"), and is unable to

envelop it entirely, so that development proceeds as if the process

of epiboly had been left incomplete, the blastopore remaining very

large and leaving all that j^art of the yolk which could not be

covered by the ectoderm outside the embr3'o. Under these

circumstances the endoderm is essentially an embryonic tissue,

exclusively emplo^'ed in the constitution of the vitelline mass, and
degenerates in the adult, a great part of the digestive tract of the

latter, a long stomodaeum and a long proctodaeum, being formed

by the ectodei'm. The passage to this condition is presented by
some Gastropods with an aliundant yolk : in Nass(( a part of the

primitive endoderm degenerates in the adult, and in Fusus the four

macromeres of the primitive endoderm seem to form a provisional

embryonic organ, and it is the ectoilerm that forms nearly the

whole digestive tube. In the different groups of INlolluscs the liver
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is formed from tlie wall of the enteron, generally as a pair of

diverticula given off from its middle region (Fig. 116), and com-

posed exclusively of cells of a fatty nature, while nutrition is effected

by the absorption of the yolk.

Formation of the Orifices of the Digestire Tube.—The gastrula

mouth or blastopore, at a gi\en period of the development at any

rate, has very often the form of an elongated slit. This condition

is shown in Patella (Fig. 113, III), Bith/nia, various Opisthobranchs,

such as Apli/sia and Nudibranchs, in basommatophnrous Pulmonates,

Cijchi.^, etc. This slit gradually closes up from behind forwards, its

two margins forming the ventral pedal prominence. In other cases

this aperture may ])e more or less elongated, oval in shape, with an

rm-

mxt
rvvea

Eggs of Cre/)id»?«, sliowinjj tlie ori^^iu of the first inesodermic cell,

first niesodermic cell ; mi, micromeres. (After Coiiklin.)

raacromere.s ; Dies,

anterior groove running forward as far as the velum, as is seen in

Faliuliiia. Or again, the l)histopore may be circular, and be

gradually displaced from behind forwards, suggesting a specialised

condition of the slit-like blastopore which closes in the same
direction. The linear or circular blastopore is totall}' closed

in a large number of cases ; such are, Aspidobranchs : Patella,

Trociuis, and Ncrilina ; Pectinihranchs : JJifhi/itia, Xassa, Purpirra,

Xafira, Lamellaria, and Crrjiidula ; Opisthobranchs : Aplj/sia,

various Pteropods and Nudibranchs ; Lamellibranchs : Cyrenidae,

Unionidae, iJreissensia, Teredo. In other forms the blastopore,

though it may contract so much as to be scarcely visible, remains

open ; if it is a linear blastopore it is the anterior end that persists.

Examples are, Cldlou ; several marine Streptoneura, including

J'Wrnetus, Fnsus, and Heteropods ; Pulmonatn ; Dentalium ; Niicula
;

Ostraea.
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An invagination of the ectoderm at the place where the

l)lastoi)ore closed, or surrounding the blastopore if it remains open,

places the digestive cavity (enteron) of the gastrula in communica-

tion with the exterior. This

Fig. 1-2.

Trochospliere of Patella, sagittal .section, hi, blasto-
pore ; me, mesoderm ; sh.g, shell-gland ; tlie two dor.sal,

ve, and tlie two ventral ciliated cells are the velar
cells. (After Tatten.)

invagination constitutes the

stomodaeum, from which the

pharynx and oesophagus

with all their accessory ap-

paratus, the salivary glands,

radula, etc., are formed.

Thus the blastopore, if it

remains open, does not

become the mouth of the

adult. Paludina, however,

is an exception, in that

the whole of the blasto-

pore remains open and be-

comes tlie anus (Ray Lan-

kester), whilst the .stomo-

daeum is formed at the

anterior end of the embryo
(Fig. 110, F, m). Later, in

Molluscs in general, the proctodaeum is formed as a very short anal

invagination, at the jDosterior end of the original blastoporic groove.

Its position is generally indicated by the presence of two prominent
ectodermic cells, and it perforates the posterior part of the archen-
teron, establishing a com-

munication between the in-

testine and the exterior.

Edoihrmic Organs.—The
embryo, then, has an endo-

dermic digestive cavity and
a general ectodermic en-

velope from Avhich the

oesophagus and the anal

invagination are derived.

But the ectoderm is prin-

cipally concerned in the

production of the permanent
tegumentaryorgans properly

so called, such as the foot,

the mantle, and the ctenidia,

and those organs which, al-

though <leeply placed, originate from the surface, such as the nervous
system and the organs of sensation. The ectoderm further give.s

rise to the embryonic locomotory organs which result from a special

Fig. 13.

Trochospliere of Dieixseiisia, median sagittal section.
Ill, blastopore; Jl, flagelluni ; in, intestine; p.ax,
post-anal cilia; sli, shell; re, velum. (Aftw ^leiseu-
heiiiier.)
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adaptation to larval life. The most important of these embryonic

organs is the velum; primitively a preoral ciliateil ring, characteristic

of the Trochosphere (Ray Lankester), which delimits an area known
as the prostomium or " velar area." Towards the centre of this

area there is often a ciliated tuft or a flagellum, as in the larvae

of Amphineura (Figs. 14, 17), Patella (Figs. 14, 113), Iknfaliam

Flu. 14.

Thrfie TiX)cliosi>lieres of MoHiisca. .1, /.•>-o/(«or/ii«ore(Heatli) ; B, i'aWZa (Patten) ; C, DreUfiima
(Mfiseiilmiiiier). «, anus; /, foot;//, (lagelluni ; m, inoiUli

; i>.ax, po.st-anal cilia; jA, shell

;

l», VflllMI.

(Fig. 1')), and various Lamellibraiichs (Figs. 14, C; 16). It is on
the buccal side of this tuft, when it exists, that the apical plate

is situaterl, probably the remains of a sensory organ from which the

cerebral nerve-centres take theii- origin. The velum may be ditter-

entiated in one of two ways:—(1) The preoral ciliated ring may
extend itself In' growing outwards at all parts of its circumference :

the trochospliere larva is thus

transformed into a "veliger"

(Ray Lankester), a larval

form highly characterisiic of

Molluscs (Fig. 18). The
velum may lie divided into

two lateral lobes (Fig. 18, r),

which in their turn may be

divided into two oi- throe

secondary lol)es (Fig. 121).

(2) The velum may retreat

for a greater or less distance

towards the posterior end
of the embryo, becoming W.blilstoI.bre:/,fla«elUlnl;^«Jntfi8tllle;/«^

•' '
vv>j .•.iij^

or shell-^'land ; i-e, velum. (Alter Kowalew.sky.)
attached to it in such a

manner as to form a more or less extensive superficial investment

furnished with multiple ciliated rings, as in JJentalium (Figs. 15,

Fir.. 15.

Trocliospliereof i)<-nf(iiuiui,sa};ittal median section.
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185), Neomeniomorphci (Fig. 17), Xuculidae (Figs. 16, 225). The
embryo may in this manner be nearly completely invested by a
" test " extending posteriorly to an orifice which, however, is only a
false blastopore.

In both cases the velum e^'entually atrophies when the animal
assumes the definitive habits of the adult. When the whole course

of the development is undergone Avithin the egg-membranes, there

is either no veliger stage (Cephalopods, Figs. 119, D; 257, 290,
291 ; Cijclas, Entovalva, etc.) or there is no free veliger, but a more
or less ruditnentarj^ velum, postero-dorsally atrophied, may be
observed, which persists nearly to the time of hatching (viviparous

Gastropods, Purpnm, Fig. 1, Piilmonata).

A post-aual ciliated area is not uncommonly found, as, for

example, in Purpura (Fig. 1), among Gastropods, and Dreissensia

Fig. 10.

Trocliosphere of Yoldia, meclian sagittal sectio7i. a.a, anterior atMuctor muscle ; ap, apical
plate ; hi, blastopore ; eg, cerebral ganglion ; Jl, flagellnm ; h.n, posterior adductor ; in, intes-
tine ; U, liver ; fd, stomodaeum ; t, " test" or reflected velum, with 3 circlets of cilia. (After
Drew.)

(Figs. 13, \-^,p.((.r) among Lamellibranchs. Finally, post-oral ciliated

rings, secondarily acquired, are found in the larvae of certain Opis-

thobranchs, Gymnosomata (Fig. 120).

The foot is nothing more than a projection of the integument
between the mouth and the anus. Its earliest rudiment is evidently

paired, since it is formed by the union of the lips of the (commonly)
elongated blastopore (Fig. 113). It is only at a late stage of

development that it attains its complete development ; during the

early stages it is very small and functionless, the velum serving as

the sole organ of locomotion (Fig. 112).

An ectodermic invagination, bounded by a ridge, makes its

appearance at an early period on the dorsal face of the embryo,

near the formative pole. Tliis invagination, known as the "shell-

gland" (Kay Lankcster) or preconchylian invagination (Fig. 110,

E, F, sh.g}), is also the precursor of the mantle, since the edge of

the latter structure is formed by the ridge. The shell -gland
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spreads from its point of origin in the form of a pallial thickening,

Avhich may be only slightly concave, or it may be deeply invagin-

ated and afterwards evaginated. The invagination is caused by
the very rapid proliferation of the epithelial tissue in the neighbour-

hood of the pallial ridge. When evaginated these epithelial cells,

having again become external, begin to secrete the shell.

The branchiae or denidia originate on the inner surface of the

mantle as tegumentary projections in the form of papillae or of

filaments arranged in series (Fig. 229).

llie Nenvus System and Organs of Sensation.—The various pairs

of nerve-centres arise separateU^, and usually as thickenings of the

ectoderm at the points where
they are formed. In certain

cases, however, the nerve-centres

are developed by the more
primitive process of invagina-

tion, as may be seen in the case

of the cerebral ganglia of Den-

FiG. 17.

Trochosphere of Afyinmenia hanyidensis.

A, after 36 hours; B, .ifter 100 hours. Jl,

Hagellum ; v, velum. (After Pruvot.)

Fig. is.

Veliger of JAttorina, ventral view, x 80.
f 1 eye ; /, foot ; m, mouth ; ma, mantle ;

pa.e, pallial cavity ; r.l, right liver lobe ; s,

stomach ; t, tentacle ; v, velum.

faliwn, Vermdus, Cavoliuia (paired invaginations), Yoldia (Fig.

16, eg), and Dreissensia (an unpaired invagination), a portion of

the cerebral centres in Pulmonates, and the cerebral, pedal, and
visceral ganglia of the Unionidae. When the cerebral ganglia are

formed by invagination, a single pit, or a pair of pits, is formed
on the oral side of the apical jilate, from the bottom of which
ganglion cells arc l)udded off; the remainder of the invagination

goes to form the labial palp.=^, etc., of Lamellil>ranchs, and i)rol)ably

the rhinophores of Gastropods.

The eyes also, including the pallial eyes of the Pectinidae, and
the otocysts are sometimes developed from ectodermic thickenings

;

but ill many cases these organs are formed by invagination, for ex-

ample, in various Cephalopoda (iMg. 119, D) ; in Gastropoda : in the

Aspidol)ranchs, Paludina, Bithynia, Calypiraea, Crepidula, Nassa, the

Heteropoda, and the Pulmonata. The otocysts only are formed
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by invagination in some other Gastropods (Fusus), and in Dentaliimi

and various Lamellibranchs.

Mesoderm and Mesodermir Organs.—A third intermediate cellular

layer is formed, generally at an early stage, between the external

ectodermic envelope and the endodermic wall of the digestive tube.

This is the mesoderm, from which all the organs situated between
the digestive tube and the integuments are produced. The origin

of this layer is often difficult to determine, especially in highly

specialised forms, but in all cases in which the origin is distinct

there is no doubt about the matter, the mesoderm is derived from
the endoderm. This derivation is shown in the Polyplacophora,

the Aspidobranchs (rafella, Fig. 12, v^e; Trochns,jVeiifitia), the Pectini-

branchs {Faludina, Bithynia, Crepidula, Fulgur, etc., and seemingly the

Heteropoda), the Opisthobranchs (Fhiline, Umhrella, Ajylijsia, Clionf,

Chroinodoris, etc.), the basommatophorous and st3'lommatophor-

ous Pulmonates, the Scaphopods, the Lamellibranchs (Pisidiuin,

Unionidae, Dreissensia, Teredo, etc.). Nevertheless we Hnd scattered

mesodermic cells, giving rise to tuiicellular muscular tiljres of the

integument (Unio, Crrjiidida), Avhich are derived from the ectoderm.

The principal result of the development of the mesoderm is

the formation of another cavity in the embryo, the coelom. In

the Mollusca the coelom does not originate by the invagination

of enterocoelic pouches (Tonniges has shown the inaccuracy of

Erlanger's description of enterocoelic coelomic pouches in Fahidlua),

but, as a result of specialisation, this primitive method is supplanted

by solid mesoblastic masses, generall}'- paired, which may be con-

sidered as the cardio-genito-renal rudiments. These mesoblastic

masses take their origin from the macromeres. As a rule, at the

stage when four macromeres are present, it is the most posterior

of the four that gives rise, by successive divisions, to the two first

mesomeres or primary mesodermic cells (Fig. 11). From these the two
mesodermic bands, Avhich constitute the third layer, are produced

as solid, or in some cases discontinuous masses. The coelomic

cavity or series of cavities are formed b\' more or less regular fission

or delamination of the mesoblastic bands,—evidently a secondarily

acquired mode of development. The coelom is therefore physio-

logically a schizocoele. Eventually it is placed in communication
Avith the exterior by ectodermic invaginations. The order in

Avhich the difierent parts of the primitive coelomic cavity make
their appearance is not constant. The pericardium, in j)articular,

may originate as two symmetrical cavitie.<, which unite more or

less rapidly {Faludina, Cyclas, Cephalopoda), or directly, as a single

azygos cavity (Dreissensia, Pulmonata). The extension of the

mesodermic elements evidently narrows the primitive segmentation

cavity or blastocoele, wliich becomes the cavity of the circulatory

system. These elements spread between the ectoderm and endo-
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derm, and become specialised to form the intenuil lining of the

circulatory ca^ity in particular, and may even fill almost entirely

the remainder of the blastocoele in the form of a fake mesenchyme
(caenogenetic or secondary mesenchyme), which constitutes the

connective tissue. This naturally restricts the extension of the

coelom properly so called, so that it is commonlj' reduced to the

pericardial cavit}-. Since the mesodermic tissue gives rise, in this

manner, to the epithelial wall of the coelomic cavitv, to the lining

of the circulatory cavity, and to the conjunctive tissue filling up
the spaces between the organs, one must recognise it as sharing in

the evolution, firstly, of the coelom and the excretorj' and rej^ro-

ductive organs derived from the coelom ; secondly, of the circulatory

apparatus—the heart, etc.

The coelom, of which the formation has been described above,

is essentially a cavity communicating with the exterior, and its

epithelial wall may lie ditterentiated in two special ways— into

excretory or renal elements, and into reproductive, and therefore

caducous elements. In the most primitive process the kidneys are

formed in connection with a portion of tiie coelom, with which
they remain in complete continuity {Falmlina). In other cases

they are formed by a hollowing out of a portion of the mesoderm
in contact with the pericardium {BiUnjnia, Limax, Cfjclas, JJreissensia,

etc.), or they may be formed independently in their definitive

position (Cephalopoda). Eventually each kidney acquires a com-

munication with the pericardium, and in all cases makes a connection

with the exterior by an ectodermic invagination. The genital

organs or gonads originate either from the wall of the coelom or

pericardium (Paludinc, Dreissensiu), or in contact with the coelomic

wall {('ifhu), or from a rudiment common to themselves, the

pericardium and the kidney, or, finally, from distinct mesodermic
elements. The continuity of the pericardium and gonads is

well preserved onl}' in the Aplacophora (Fig. 30, C) and adult

Cephalopoda (Fig. 252, roe) ; in all other Molluscs the genital organs
are separated from the pericardial cavity and acquiie communica-
tions either with the kidneys or directly with the exterior. In the

latter case the terminal portions of the gonad nets, together with
the accessory genital glands, are ectodermic in origin.

The heart may arise from a portion of the Avail of the peri-

cardium itself (raludina), or a common rudiment may give rise to

the wall of the pericardium and the heart (Pulmonata, Cydas,

J>reisscnsin, etc.), and in the latter case the origin of the heart may
be paired {C'l/clas, Cephalopoda) like that of the pericardium itself.

The larvae of such Molluscs as lay their eggs singly and free in

the sea are hatched out very rapidly ; a few hours suffice in the

case of Dcnfnlium among the Scapliopoda ; twenty hours in Trochus

among the Aspidobranchs ; fourteen hours in Yoldia among the
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Lamellibranchs ; tAventy-four hours in I'liolas, etc. The eggs of

Glcba, aggregated into a nidus, are hatched after three or four

days, those of Ischnochiton after seven days ; but in the majority of

Gastropods and the Cephalopods the time required is much longer.

The marine larvae of temperate seas are intolerant of a lise of

temperature, and generally perish when it approaches 30° C.

IV. Definition of the Mollusca.

From what precedes, it results that in each of the five classes

the same lines of specialisation may be observed—viz. the loss of

the shell, of the foot, of the ctenidia, of the radula, etc. Thus the

general morj^hological characters are obviously those of the most
primitive of the different classes (Fig. 19), and the following

diagnosis may be proposed for the phylum :-

—

1. The Mollusca are originally bilateral organisms, in which

signs of primitive segmentation are no longer evident.

Fig. 19.

Scheme nf a i)riinitive Mollusc, viewed fVoiii tlie left side, a, .iiius ; eg, cerebral ganglion ;

/, foot ; <7, gill, ill the pallial cavity ;
go, gonad ; h, heart ; k, kidney ; la.c, labial coniinissure

;

111, mouth ;
pa, mantle ; pa.n, jiallial nerve ; pe, pericardium ; p.g, pedal ganglion ; pl.g,

pleural ganglion ; ra, radula ; r.p.o, reno-pericardial orifice ; st, ftomach ; st.g, stoiiiato-gastric

ganglion ; v.g, visceral ganglion.

2. They possess a well-developed coelom (gonad and pericar-

dium), enteron, and haemocoel, quite distinct from one another.

3. The alimentary tract exhibits (or has lost) a radular sac in

its anterior part.

4. The nervous system consists of a peri-oesophageal ring,

whose supra-oesoplingeal (or dorsal) moiety is the cerebral com-

missure, and tlic infra-oesophageal (or ventral) moiety is the labial

commissure. The former gives off chiefly sensorial nerves, the

latter nerves to the digestive tract. From their union two nervous

cords arise on each side, a dorsal or pallial and a ventral or pedal

;

from the former arise the visceral nerves, whose main trunks are

frequently joined together under the digestive canal to form the

infra-intestinal visceral commissure.

5. The general body -wall is differentiated into three regions:
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(1) the antero-dorsal or cephalic, on which are borne most of the

special sense-organs
; (2) the postero-dorsal or pallial, which forms

a projecting fold around the body, and secretes on its external

face a calcified cuticle or shell, and on its lower surface develops

respiratoiy organs or ctenidia
; (3) the ventral or pedal, Avhich is

the organ of locomotion.

6. A so-called " veliger " or free trochosphere larva is nearly

always present in embryonic development ; its preoral ciliated ring

grows out to form a natatory velum, and at its formative pole

there is a " preconchylian invagination " or sliell-gland.

V. BioNOJiics AND Distribution.

Molluscs are essentially aquatic animals, but the most varied

modes of existence may occur, even among members of the same
class. The majority are inhabitants of the sea ; a few live in fresh

water ; a single order of Gastropods and a few isolated members of

the same group are adapted to a terrestrial life. They are repre-

sented in the three great groups of aquatic organisms, namely, in

the Benthos, comprising creeping or fixed animals inhabiting the

depth of the sea ; the Necton, comprising animals that swim
actively and can make headway against the currents ; the Plankton,

comprising animals that float passively and cannot contend with the

currents. The first group includes the littoral and abyssal Molluscs,

among which the Necton is also represented. Tlie two other

groups include the pelagic Mollusca, the Cephalopods belonging

exclusively to the Necton, while the free-swimming Gastropods,

and those which inhabit pelagic Algae, some isolated Lamelli-

branchs (Plan/domi/a), and the larvae of various groups belong to the

Plankton.

The Mollusca are distributed over the whole surfiice of the

earth and in all latitudes. Terrestrial forms are found on the

highest mountains—some Stylommatophora at a height of 15,000
feet ; lacustrine forms (Limnaea) are found at a depth of 350
fathoms. The pelagic forms are not only distributed over the

surface of the sea, but may descend to a depth of 2600 fathoms
without reaching the bottom. Abyssal Molluscs are found in all

oceans extending to a depth of 2800 fathoms from the surface.

As a rule. Molluscs are free-living animals, and crawl, swim, or

burrow, but some are sedentary in adult life. Only a few
Gastropods and Lamellibranchs are fixed to their habitat. Their

modes of alimentation are various. Some are commensal with

Ascidians, e.g. Modiolaria ; some with Echinoderms, as Montaciifa,

Leplon, and Scioherdia ; some with Crustacea, Lepton squamosum and
Epliippodonta, or with Sponges (Vulselhi), or Annelids (CocJtliolepis).

Others again are ectoparasitic on Echinoderms, such are Thijca and



34 THE MOLLUSCA

Stylifer (Fig. 20) ; or, like Eulima and Entovalra, are endoparasitic,

also in Echinoderms. In the latter case the animal may become so

degenerate in the adult state as to consist of little more than a

sac containing the genital products, as for example Entosiphon

(Fig. 21), Entocolax (Fig. 138), Entoconcha (Fig. 139), and Enteroxenos

(Fig. 140).

There are many cases of protective adaptation and mimicry in

the various groups of Mollusca. The pelagic species are generally

transparent and colourless or

tinged with blue, but the most

remarkable examples of mimicry

are found among the forms un-

protected by a shell (Nudibranchs,

Lamellaria, etc.), in which the

Fio. 20.

stylifer celebensis, x 12. pr, pro-

boscis ; jjs, pseudopalliuiu ; sp, spiro

of the shell not covered by the pseudo-
pallium. (After Kiikeiitlial.)

Fio. 21.

Kiilosiphoti lieiniatis, x 2. o, orifice

of the proboscis ; ov, ova ; pr, pro-
boscis ; ps, pseudopalliuni ; .«, fixative

siphon. (After Koehleraiid Vaiiey.)

individual assumes the colour and aspect of its habitat, as for

instance Hermaea dendriiica on green algae, and Ilerinaca hijida on

Grijffithsia, a red alga, etc. The ab3^ssal Molluscs are colourless,

and are characterised by the thinness of the shell, the atrophy of

the visual organs, and the development of tactile organs.

Examples of convergence of form may also be noted, such as

Marginella and Pseudomaryinella among Gastropods, Pholas Candida

and Petricola phohidifonnis among Lamellibranchs.

The duration of life in individual Molluscs is ordinarily rather

short. Marine Streptoneura may live for several years, and Littorina

Uttorea, when in captivity, has attained an age of nearly twenty

years. Freshwater Molluscs may live for eight years {ruludina).
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The Pulmoiiata are generally biannual, but Relix poinatia may attain

an age of six years. The majority of Xudibraiichs and Tecti-

1)ranchs appear to live for one year only. Many Lamelliljranchs

{Mytilus, Teredo) are adult at the end of one year ; Avicula is adult

at the end of two years ; Osiraea edulis is sexual at two years,

becomes adult in five years, but may live for ten years in oyster-

beds. The huge Tridacna lives for about eight years, the Cyrenidae

only two years, but the Anodontidae are remarkable for their

longevity ; they do not become sexually mature till they are five

years old, and they continue to grow to the age of twenty or thirty

years. In the Cephalopoda it seems that liossia does not live for

more than a year, and Octopus not more than four years.

Many Molluscs are able to fast for a long time. Cold affects

them less than heat. Helix has been known to survive a tempera-

ture of - 120" C, and small Gastropods live in thermal springs at a

temperature of 42° C. Molluscan embryos and larvae generally

perish, in temperate climates, at temperatures of + 31" C. and - 3'' C.

Descriptive zoologists have enumerated more than 28,000

species of li\-ing jNIoUuscs, of which more than half are Gastropods.

Fossil representatives of JNIolluscs are found in all deposits from the

Palaeozoic onwards.

1. Distribution in Space.

I. Marine Molluscs— A. Littoral Fauna..—The shores of con-

tinents are divided into three provinces by great thermal variations,

a. The North Polar province, Avith characteristic genera such as

Cniptochiton, Molleria, Lacuna, Felutina, Onchidiopisis, Solariella,

Machaeroplax, Volutharpa, ToreUia, Cyprina, Mya. (3. The South

Polar province, witli the characteristic genera Photimilu, Struthiolaria,

Cominella, Eatoniella, Cyarniiim, Lissarca, Philippiella, Modiolarca.

y. The tropical province, or region of coral reefs, in which one may
distinguish four sub-regions:—(1) The Indo-Pacific, the home of

Nautilus and the chief forms of the Toxiglossa. The Mediterranean

should be included in tliis sub-region, and the Australo-Zealandic

division of it, just as is the case with the terrestrial fauna, presents

special characters, as shown in Trigonia, Amplubola, etc. (2) The
West African and (3) the East American sub-regions, which have

several forms in common. (4) The West American, characterised

by such genera as Monoceros, Coticholepas, etc. Occasionally species

may be naturally or artificially acclimatised in various parts of

these regions, but exchanges arc only definitively effected between

similar latitudes, as f<jr example Litlorina Uttorea between Europe

and North America, and reciprocally Venus mercenaria and Petricola

pholadiformis.

B. The Abyssal Fauna, is not divisible into distinct provinces,

and many of its species are universally distributed either in the
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northern and southern parts of the same ocean or in several

different oceans. Thus Limoj)sis auriia, Semele profundorum,

Ferticm-dia deshayesiana, Area pteroessa are found in the Atlantic

and Pacific ; Hyalopeden jmdicum and Silenia sarsii are common to

the Atlantic and Indian oceans. Characteristic abyssal genera are

Lejytochiton, Scissiirella, Margariia, Cydodrema, Setia, Leda, Bufhyarca,

Limojisis, Hyalopeden, Dacrydium, CaUocardia, and Septibranchs in

general.

C. The Pelagic Fauna. — a. The superficial forms are very

widely distributed, but may nevertheless be described as belonging

to polar and tropical provinces. The North and South Polar fauna

are different : to the former belong Clione limacina, Limacina helicina
;

to the latter S'pongiohrandiaea australis, Limacina aniardica.
ft.

The

zonary or deep forms are probably more universally distributed,

but are still imperfectly known ; they include the luminous

Cephalopoda.

II. Land and Freshicafer Molluscs.—It is only a small number

of groups that have quitted the sea to assume a freshwater or

terrestrial existence, and among these no Amphineura nor Scapho-

poda nor Cephalopoda are found. Among the Lamellibranchs only

a few families are found in fresh water, viz. Cyrenidae, Dreissensiidae,

Unionidae, Aetheriidae (none of them primitive in organisation), and

a few isolated types. Among the Gastropods we find very few

Rhipidoglossa, Neritina, Hydrocaena, Tifiscania ; chiefly Taenioglossa,

6.^. the Vah-atidae,Paludinid.ae,Ampullaviidae, HydroUidae, Melaniidae
;

some isolated types of Rachiglossa, and practically no Opistho-

branchs. As for the terrestrial IMoUusca, there are only a lew

families of streptoneurous Gastropods (Helicinidae, Cyclophoridae,

etc.), and the whole order of Pulmonata. Of the last-named, one

sub-order, the Basomraatophora, has returned to an aquatic life,

chiefly in fresh water, but retains for the most part a pulmonary

respiration.

It is mostly in warm regions, and particularly in those in

which the sea is inclined to be brackish, that marine forms have

penetrated into fresh waters. Certain inland seas also have

become separated from the ocean, and have preserved a fauna

which is partly of maiine origin. Lakes Baikal and Tanganyika

appear to belong to this category.

The tropical regions in general are characterised by terrestrial

forms, such as Vaginula, Helicina, AmpvUaria, etc. Chilina and

Bulimus belong to th'e Neotropical region. Clausilia is not found

in North America, and, generally speaking, the Pulmonates with

folded branchiae are absent from the New World. The Ethiopian

province is the home of Achatina ; the iVustralo-Zelandic of JaucUo,

BJiytida, Fangandla, Latia ; the Oriental region of Cydophorus and

the Rathouisiidae. The distribution of terrestrial aiid fluviatile
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Molluscs shows that the Asiatic and Australian regions are

separated not by Wallace's line, but by another line farther east.

2. Distribution in Time.

The five classes of Molluscs were already differentiated at a

remote epoch of the Palaeozoic era. The Polyplacophora, the

Cephalopoda, and Dentalium Avere represented in the Ordovician

;

I'Ki. 22.

Diagrams of the live classes of Mollusca, from the left sidft. A, Ainiihiiiciu'a ; 7.', Scajiho-

poda ; C, Gastropoda ; D, J^amellibraiicliia ;
/•,', Cephalopoda, a, amis ; a.a, anterior adductor

;

eg, cerebral ganglion;/, foot; fit, funnel; rj, cteiiidium; h, heart in tlie pericardium; h.a,

posterior adiluctor ; iit, mouth ; pa, pallium or mantle ; p.g, pedal };anf;lion ; pl.g, pleural
(;an;:lion ; ;•«, radiila ; st, stomach ; st.rj, stomato-gastric ganglion ; v.g, visciral ganglion.

the RhipiJoglossa and the Palaeoconchs (Lamellibranchia allied to

Solenomya), in the Cambrian.

On the other hand, many ancient stocks have left no surviving

descendants. But the appearance of existing genera or families

supports the phylogenetic conclusions drawn from the study of

comparative anatomy. Among the Cephalopoda it is the Tetra-

branchs that appear in the Ordovician ; the Ammonites appear
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only in the Devonian, and the Dibranchs {Belemnites) at the

beginning of the Secondary, But at the present day all the species

of Tetrabranchs, some 7500 in number, are only rej^resented by
a few species of the single genus Nautilus ; and as for the group of

Belemnites, it has entirely disappeared since the end of the

Cretaceous, its sole surviving and more or less distant represent-

ative at the present day being the genus Spiiiila.

Among the Gastropods the Aspidobranchs (Rhipidoglossa) are

the first to appear ; several families, such as the Capulidae and
Pyramidellidae, date back to the Ui^per Silurian. On the other

hand, there are but few Ctenobranchs in the Palaeozoic ; most of

the families of this order make their appearance in the Secondary,

and the same may be said of the Opisthobranchs, with the

exception of the Actaeonidae, which are found, as also are the

Pulmonata, in the Carboniferous. Of Lamellibranchs various

Protobranchs and Filibranchs are found in the Silurian, but the

other groups, as a rule, do not appear till the Secondary. The
Palaeoconcha of the Primary, and the Rudistae, Diceratidae, Mono-
pleuridae, and Caprinidae of the Secondary, have died out without

leaving descendants.
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CHAPTER II

THE AMPHINEURA

CLASS I—AMPHINEURA, von Jhering (1876)

( = ISOPLEURA, Ray Lankester ; Aculifera, Hatschek).

Order 1. Polyplacophora (Chitones).

Sub-Order 1. Eoplacophora.

Family 1. Lepidopleuridae.

Sub-Order 2. Mesoplacophora.

Family 2. Ischnochitonidae.

„ 3. Mopaliidae.

,, 4. Acanthochitonidae.

,, 5. Cryptoplacidae.

Sub-Order 3. Teleoplacophora.

Family G. Chitonidae.

Order 2. Aplacophora.

Sub-Order 1. Neomeniomorpha.

Family 1. Lepidomeniidae.

,, 2. Neomeniidae.

,, 3. Proneomeniidae.

,, i. Parameniidae.

Sub-Order. 2. Chaetodermomorpha.

Family 5. Chaetodermatidae.

Historical.—The Chitones were formerly the only known forms of

this group, and for a long time they were placed in the Gastropoda,
near the genus Patella, the two forming the Order Cyclobranchia
of Cuvier. When Chaetoderma and Neomenia were investigated
from an anatomical point of view, von Jhering united them to the
Chitones (1876), and placed the two in a division of " Worms,"
which he called Amphineura. But the molluscan nature of these
Amphineura is so clear, that they Avere reintroduced into the

40
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phylum ^loUusca by Spengel, Hubrecht, Lankcster, etc., and even

von Jhering has since admitted this interpretation. Although

Gegenbaur and Clans have again separated Chaetodcrma and

Neomenia from the Chitones, and placed the former in a distinct

class (" Solenogastres "), and the latter once more in the Gastro-

poda, the unity of the Amphincura, as Avell as their moUuscan
nature, is now very generally accepted.

Definition. — The Amphincura are a group of jVIollusca

characterised, firstly, by their more or less elongated and quite

symmetrical body, with the mouth and the anus situated at its two

ends ; and secondly, by their mantle, which is always provided

with numerous spicules embedded in a cuticle.

General Description.—The mantle is very large, and always

covers at least the dorsal surface and the sides of the body. The
whole external .symmetry reappears in the various internal organs.

In the nervous system there are, on each side, two longitudinal

cords (one pedal, one pallial) with ganglionic cells along their

whole extent. They are luiited with one another in front, where

there is a supra-oesophageal cerebral commissure. The two pedal

cords are also united by anastomoses, and in addition each of

them also exhibits anastomoses with the corresponding pallial

cord. The two pallial cords are united by a thick posterior com-

missure on the dorsal side of the rectum. There are no otocysts.

The buccal cavity is very generally provided Avith a radula (but

mandibles are only present in a species of Chaetoderma). The
anus and renal orifices are posterior. The heart is dorsally situated

in the hind part of the body, and its ventricle is more or less

intimately united to the dorsal wall of the pericardium.

All the Amphineura are marine in habit. They are found in

all oceans and at nearly all depths. They existed in A-^ery ancient

geological ages, for they are already present in the Ordovician

(Lower Silurian).

There are two very distinct Orders of Amphineura: (1) the

Pohjplacophora, (2) the Aplacophora.

Order 1. Polyplacophora, Elainville.

Definition.—Amphineura, whose chief characteristics are (1) the

foot, occupies the whole ventral face of the body
; (2) the

mantle, bears eight transverse calcareous plates
; (3) between

mantle and foot there is on each side a more or less complete row
of branchiae.

I. General Description and External Characters.

The mantle covers the whole body on the dorsal side ; its

ventral extension is inversely proportional to that of the foot, and



THE AMPHINEURA

all around the latter tliere is a pallial groove. The mantle secretes

a shell consisting of eight plates or valves articulated Avith one

another and arranged in longitudinal series. Each of these valves

partially overlaps the following, except in some species of Cryptoplax

( = Chitonellus), in Avhich the three hindermost are isolated. This

articulation of the valves allows the animal to roll up. The two
terminal (first and eighth) valves are semicircular, the six inter-

mediate are quadrangular. The}' may be ])artially {Cn/pkyplax and
some species of Acanthochiton) or even wholly (in adult Cryptocliiion,

but not in young ones) concealed b}' a redupli-

cation of the mantle.

Each valve is made up of two quite dis-

similar calcareous layers : {a) the uppermost or

tegmentum, which alone is visible externally
;

{h) the deeper layer or articulamentum, which

is porcellaneous, quite compact, and invisible

in the living animal. In most of the lower

Polyplacophora these layers are coextensive

and have smooth edges, but in the higher

forms the articulamentum projects beyond the
^'°' ^^' outer layer into the substance of the mantle,

GrIraoSasSstwl to which it is firmly attached. These pro-
higtiie first shell-eyes. I, jections of the outcr Or peripheral margins
first shell-plate; II, the •"., -.'.'. i.)
first eyes on the second of the valves are termed " insertion plates ;

shell . plate ; III, third ,i ,-, -,•, ^ i n ^ r ^^
shell-plate. they are generally slit or notchetl to form the

so-called " teeth," Avhicli may be either smooth
and sharp along the edge or crenulated. The anterior margin of

each valve, except the first, is invariably provided with two pro-

jections called " sutural laminae," which underlie the hind margin of

the valve next in front.

The tegmentum has no representative in the shells of other

Mollusca. It is formed by the fold of the mantle covering the

edge of the articulamentum, and, as it grows in width, it extends

over the latter. It is much reduced in Acanthor/iiton and aborted

in the adult CriiiotocJiiton. The stratified layers of the tegmentum are

traversed by a sj'^stem of numerous, nearly parallel, ramified canals

through which sjiecial sense-organs pass to the surface (Fig. 24:).

Nearly the whole of the peripheral part of the mantle or

"girdle," as it is called, is covered with chitinous or calcareous

spicules of various shape, acicular or squamose. Each spicule rests

on an epidermic papilla and is formed l)y a single matrix cell.

The head is more or less c3lin(lrical, consisting of a short down-
wardly curved snout with the mouth at its extremity. On either

side of the mouth is a somewhat angular labial palp. A narrow

furrow separates the head from the foot. The latter forms a

ventral creeping surface, extending the whole length of the body
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from head to anus. The breadth of the foot is inversely pro-

portional to the width of the lower edge of the mantle : it is broad

in most of the Polyplacophora, but narrow in the Cryptoplacidae.

Extending all round the foot, between it and the mantle on the

ventral side, is the pallial groove, in which lie tlie gills. In the

more primitive Chitons mucous thickenings extend into the groove,

V,a/

Fig. 24.

Transverse section of the lateral portion of the pallial tt'i^tinients of Chiton. I, tet,'nientum ;

II, articiilanientuin ; III, pallial epithelium under the shell ; IV, ei)ithelium of the margin of
the niantle ; V, spicula ; VI, cuticle of the mantle-margin ; VI«, periostracum ; VII, megal-
aesthetes; VIII, micraesthetes. (After Blumrich.)

reaching from the anus to its upper corner, or to the foot, or even

to the inner wall of the mantle.

II. Anatomy.

1. The Alimentary Canal extends from one extremity of the body
to the other. The mouth leads into the buccal cavity, on the ventral

wall of which opens the radular caecum. The radula is long and
reaches nearly as far back as the stomach. Each radular row
includes seventeen teeth of various shape (Figs. 2, A ; 74, E). The
three central teeth are simple : on each side of them is a large
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recurved thick and dark lateral tooth. Externally are six polygonal

marginal teeth : of these the third differs from the rest, being more

or less narroAv^, elongated, and curved, and sometimes its concave

edge is ciliated {Trachydermon).

The fore part of the radula rests

upon a cartilaginous mass,

moved by a great many mus-

cular bundles.

Two pairs of glands open

into the buccal cavity. The
true salivary glands lie at the

sides, well forward, but behind

the cerebral commissure ; they

are slightly branched, but rather

short, and have a very short

duct. On the ventral wall,

under the subradular orecan, lie

two verj'^ small mucous glands

close to one another and to the

middle line. On either side, at

the point Avhere the pharynx
passes into the short oesophagus,

is the opening of the sugar

gland—a large glandular pouch

Avith a papillose internal surface.

The large and thin-walled stomach is surrounded by the liver mass.

The two liver lobes are sj^mmetrical in young Chitons, but become
asymmetrical in the adult, the right lolie being the smaller and

Fio. -111.

Boreocliiton cincreus, dorsal vie.w of a female,

without the shell-plates. I, first " intersegmen-
tuni " ; II, ovary; III, oviduct; IV, ventricle

of heart ; V, dorsal ri^ht muscle ; VI, dorsal

oblique shell-muscle; VII, n'tractor muscle of

the radula.

Cryptoplax larvaeformis, left-side view, the posterior end i)artially opened. I, gonad ; II,

genital duct ; III, genital pore ; IV, ventricle of heart : V, anus ; VI, renal pore ; VII, gills ;

VIII, foot ; IX, mantle ; 0, 7, 8, position of the sixth, seventh, and eighth shell-plates.

anterior. They open into the stomach either by two distinct orifices

{Chiton aculeatus), or by two orifices in a single duct (Lepidopleiirits),

or by a single aperture (Hanli'i/a)- The intestine is very long, as

is usual in phytophagous animals, and is thrown into numerous
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coils. The anus opens at the posterior extremity of the body,

between the mantle and the foot (Fig. 28, a).

2. Circulation and Beqnration.—The heart, enclosed in a large

pericardium, occupies the postero- dorsal region of the bod}'. It

consists of a median elongated ventricle and two elongated

symmetrical auricles. Tlie openings of the auricles into the

ventricle are subject to some variation. In the Lepidopleuridae,

the Mopalidae, and Tonicdla, Traclii/drnnoii, Boreodnton, etc., among
the Ischnochitonidae, the auriculo-ventricular aperture on either

side is single and anterior (Fig. 27) ; in the Acanthochitonidae, the

Cryptoplacidae, and the Chitonidae generally there are two apertures

on either side (Figs. 4 and 26) ; in Chiton squamosus there are three,

and in Chiton goodaUi foiu". The auricles are united to one another

posteriorly, but there is never a posterior median auriculo-ventricular

opening. The posterior auriculo-ventricular orifices are frequently

asymmetrical. A single anterior aorta rises from the ventricle

anteriorly and carries the blood to the various organs and inter-

visceral blood-spaces. The venous blood from the diflerent parts of

the body is conducted back to a large sinus on either side near to

the line of union of tlie mantle with the body. Closely connected

with this same line of union on either side is a row of gills, situated

between the foot and the majitle. The number of pairs of gills

varies from four \i\ Lepidoph-nnis imgenstecheri to Q\g\\ty in A cantho-

pleura spiniger, but a careful

comparison shows that the

number of gills in the right

hand row does not always

correspond with that in the

left.

The gill - rows may be

either of the holobranchial

type, in which case they ex-

tend over the whole length

of the body, or of the mero-

branchial type, in which they

are confined to a more or

less limited space at the pos-

terior end of the body (Fig.

28). But these two types arc connected by transitional forms, and

they are not, generally speaking, characteristic of natural groups, nor

are they determined by the greater or less size of the species. The
genera with few gills are naturally merobranchial, and in the Lepido-

pleuridae these organs are confined to the region covered hy the

two last shell -valves. The gills arc inserted at tiie bottom of the

pallial groove. The largest gill, which is also the last one in those

forms in which no adanal gills are present, is always the first

I-lLi. -7.

Heart of Mopalia, dorsal aspect. I, auriculo-
ventricular coniinunJcation ; II, ventricle; III, right
auricle ; IV and V, aft'ereut vessels ; VI, mantle ; C, 7,

S, indicate the position of the sixth, seventh, anil

eighth shell-plates.
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behind the renal opening : it is the first to be formed and is the

starting-point from which the rest of the gills are added either

forwards or both forwards and backwards. Occasionally individual

gills may be bifurcated or trifurcated. Each gill has the typical

ctenidial structure, consisting of an axis bearing an anterior and a

posterior row of gill-lamellae or filaments. The blood from the

above-mentioned longitudinal vessel is distributed to each gill by

an afferent vessel running along the internal or pedal margin of the

axis, and, after being oxygenated in the lamellae, is carried back by

an efferent vessel running along the external or pallial edge of the

axis to another longitudinal vessel which conducts it back to the

corresponding auricle.

'3. Excretory Organs.—There are two symmetrical kidnej^s, Avhose

relations were first discovered by Sedgwick. Each of them con-

FiG. 28.

Ventral aspect of three species of Polyplacophora, showing the various sorts of gill-rows.

A, Lepidopleurus henthus ; B, Boreochiton cinereus ; C, Schizochiton incisns. a, anus;/, foot;

g, gills ; m, mouth ; jxi, mantle
; pa', anal lobe of the mantle

;
p.s, pallial slit ; te, pallial

tentacles.

sists of an elongated renal canal, situated on the lateral side of the

visceral mass, and once folded on itself, so that its two ends are

posterior. The internal or dorsal end opens into the pericardial

cavity, through a ciliated aperture or funnel. The external or

ventral end opens to the exterior, between two of the gills at the

hinder part of the body. The renal canal is dilated immediately

behind its external opening. It is excretory throughout its length,

and the excretory surface is increased by numerous small much-
branched caeca which lie close to the body -wall laterally and
ventrally and open into the canal (Fig. 29).

Various kinds of kidneys are to be found (Plate). They
generally extend more or less forwards, and their extension is
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generally correlated with that of the branchial row. The two

branches of the renal canal may be fused together from before

backwards until, as in Callutochiton and Xuttalochiton, the kidney

has the form of a simple sac with more or less numerous

arborescent appendages, and the pericardial and external apertures

adjacent to one another at its hinder end. A similar form of

specialisation may be seen in the kidneys of Lamellibranchs. The
renal canal may be complicated by the addition of two accessory

FiC!

Ri-nal organs of Iioreoi:hiton cinercua, dorsal aspect ; on the ri\'ht-liand side, the exterior
niiiiillcatioiis of the antero-posterior renal part are alone drawn ; on tlie left-hand side, all the
other ramifications are drawn. I, i)edal cord ; II, mantle; III, exteriial raniillcations of tlie

anteroposterior (or terminal) renal ])art ; IV, reno-pericardial oritice ; V, posterior ])oint of the
urinary chamber : VI, external renal pore; V'll, urinary cliamber ; Vlll, postero-anterior (or
initial) ])ortiori of the kidney ; IX, antero-posterior (or terminal) portion of the kidney; X,
internal ramifications of the antero-posterior portion of the kidney ; XI, left outer limit of III ;

XII, ramiiications of the initial portion of the kidney ; 1-8, the eight "segments" of the body.

longitudinal branches, an anterior larger and a posterior smaller,

which lie in the foot near the middle of the body.

4. Nervous System and Sense-organs.—There is no concentration

of nerve-ganglion cells to form distinct ganglia, but the larger nerve-

cords are ganglionic throughout their extent. There are two
pairs of longitudinal nerve-cords, united in front of the buccal

mass by a supra -oesophageal or cerebral commissure. Ganglionic

enlargements on this commissure are found only in Callochiton

doriae.
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The two ventral or pedal cords are united beneath the digestive

tract by numerous transverse anastomoses. The two lateral' or

Fig. 3U.

Diagrams of the excretory and reproductive oryaiis of Aiiiphiueura. C, Proiuomenia ; D,
Chiton. Br, ctenidia ; CI, cloacal or pallial chamber of Proneomenia ; g, external aperture of

the genital duct of Chiton ; X, renal organ ; 0, gonad ; P, pericardium ; r, rectum ; «, external

aperture of renal organ of Chiton. (From Lankester, after Hubrecht.)

pallial cords are united posteriorly,

dorsad of the anus, by a thick supra-

rectal commissure (Fig. 31, VIII).

The cerebral commissure inner-

^ates the palps, the lips, and the

muscles of the buccal bulb. Below

the buccal bulb it is prolonged into

an anterior labial commissure, which

in turn gives rise to a stomato-gastric

commissure : the last-named is to

some extent ganglionic and has two
branches, which unite with those of

the opposite side on the upper and

under side of the phaiynx, and also

with the infra-oesophageal subrad-

ular commissure. The subradular

commissure supplies a pair of ganglia

Avhich are in close connection with

a peculiar sense-organ lying on the

floor of the mouth, in front of the radula. The labial and sub-

radular commissures, together with the subradular organ, correspond

to the homonomous parts in the Scaphoda and Cephalopoda.

Ventral a.!i])e.ci of Acanthopkura incana.

I, mantle; 11, mouth; III, foot; IV,

gills ; V, anus ; VI, right renal pore ; VII,

right genital pore (these two pores are

better seen on tlie left-hand side of the

body).
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The two great ventral or pedal cords give rise to the pedal

nerves. The two great lateral or pallial cords chiefly send nerves

to the mantle and the gills, and thus correspond to the whole of the

pleural ganglia and the pallial

nerves of the other Mollusca

;

a great part of the viscera

(genital glands, kidneys, and

heart) also receives nerves from

these pallial cords. •

The little difl'erentiated

head region bears no special

sense - organ, except that the

outer edges of the snout ta]3er

to form the labial palps. The
lower wall of the buccal cavity

is furnished A\ath cyathiform

gustatory bodies, whose nerves

arise from the cerebral commis-

vii ^:

Fig. 31.

Nervous system of Amnllivchitnn i/w-

creimiix, donsiil aspt-ct. I, upper buccal
commissure; II, upper buccal jran^lion

;

III, stomalo-gastric cotumissurc ; IV, labial

coniuiissure ; V, subradular jjauj^lia and com-
missure ; VI, anterior (lar);<'r) pedal commis-
sure; VII, jieilal coril, with pallio- peilal

anastomoses ; VIII, supni-rectal jiallial com-
missure ; IX, |>allial cord; X, ])edal anas-
toniosis ; XI, stomato- (gastric. (langlia and
radular nerves; XII, oesophageal nerves;
XIII, cerebral commissure.

I'liiciphdrella stimpsoni, ventral aspect

;

nearly natural size, n, anus ; ci, pallial

cirrlii ; j/, gills (between the two rows of
gills is the oblong foot); vi, mouth ; /«',

mantle ; ie, tentacles of the interior edge
of tlie mantle. (After Plate.)

sure; and, in front of the radula, there is the above-named "sub-

radular organ," an epithelial projection, with nervous endings, lying

on the two small subradiilar ganglia, and probably gustatory in

function (Fig. 31, Y).

4
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One osphradium is generally present on each side of the internal

wall of the mantle, near the anus, more or less close to the last

gill. In the Lepidopleuridae there are branchial sense-organs,

related to accessory ganglia on the nerve of each gill (Burne). In

Placiphorella the lower free margin of the mantle bears, in its

anterior part, several long and thin appendages, which must be

considered as sensory tentacles (Fig. 32).

Shell-Eyes.—The tegmentum of the shell-valves is traversed by
peculiar pallial sense-organs in the form of epithelial papillae,

containing nerve-endings covered with a cuticular hood. These

organs are innervated from the pallial cords. According to their

size, they are termed megalaesthetes or micraesthetes (Moseley).

In various species of Chitonidae (and sj^ecially in exotic littoral

forms of the sub - families Toniciinae and Liolophurinae), the

megalaesthetes are converted into eyes, in which retina and pig-

ment are always present. These eyes are frequently many
thousands in number, and are most numerous on the anterior

valve (Fig. 23, I). There are tAvo kinds of such eyes : (1) Extra-

pigmental eyes, with pigment in the tegmentum only, generally

without a crystalline lens (except

Srlnzochitoii incisus)
; (2) intra-

pigmental ej^es, Avith pigment in

the body of the aesthete, and
always with a crystalline lens.

The eyes are arranged in rows
running diagonally from the

median anterior beak of the valve

to its external borders. There

may be only one such row on
either side, as in Schizochiton, or

many such rows, as in Tonicia

;

and in Acanihopleura, in addition

to the several diagonal rows,

there are rows of eyes along the

posterior margin of the Aalve, but

these are not present in young

P,Q 33
specimens. In Tcmicia the first

Axial section of a shell-eye of .l,an</.op?««ra P^"' 0^ eyeS is developed, at the
spiniger. I, opticiierve with ganglionic cells

;

cloSC of larval life, OU the SeCOud
II, pigmented caii.sule of the eye; III, teg- , ,1 i mi
menliun of the shell; IV, rods of retina; shcll-Valve. lliese OrgaUS are
V, micraesthetes; VI,^ calcareous cornea; ^,,„^;,;,.^ ^^ disturbances in theVII, lens. (After Moseley.) .sensitive

water, and do not exist when
the mucous projections of the mantle, referred to above, are

present. Even those species of Chitons that are devoid of

eyes are afiected by liglit and shade : some littoral species,

such as Borcochiton cincreus, do not move far from the light,
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while others, sucli as h'-hnoclnton, niagdalenensis, are nocturnal in

habit.

5. Reproductive Organs.—All the Polyplacophora are unisexual.

The iionads are paired and symmetrical in Nuttalochiton hyadesi, but

in all other species the gonad is single and median. It lies on the

dorsal side of the body, between the aorta and intestine, and
extends from the anterior end to the pericardium (Fig. 2-"), II).

It is transversely wrinkled, and the ovary is frecjuently of a greenish,

the testis of a red colour {Chiton polii, Boreochiton cinereus, etc.). In

most species tlie ova are enclosed in a cellular follicle.

The paired genital ducts arise from near the posterior end of

the gonad on the dorsal surface. Each duct is twice l)ent on itself,

being directed first forwards, then backwards, and finally transversely

toward the external opening. As a rule the gonaduct runs dorsad

of the pallial nerve-cord, and its external opening is external to the

cord, but in Boreochiton ruber, B. marrnoreus, and Katharina it runs

under the cord and opens internally to it. In the female the

oviduct has a thick glandular investment (Fig. 25, III). The genital

aperture is situated in front of the renal aperture, between two of

the posterior gills. There may be from one (Borrorhifon, Lejndo-

pleurus, etc.) to nine (Cri/ptoplax larcaeformis : Fig. 26) gills between

the genital and the renal apertures.

III. Embryology.

The eggs may be laid separately, in wduch case they are invested

by a chitinous envelope fre-

quently provided with spinous

appendages ; or, as in Ischnochiton

mugdalenensis, they may be laid

in strings containing nearly

200,000 eggs (Fig. 34). These

strings are not attached, and
readily break into fragments.

In many cases the ova are re-

tained in the branchial furrow

of the mother and undergo their

development there {Chiton polii) :

in Jleiiuarthnan setulosum the

embryos are protected in this

manner until the eighth shell-

valve is formed. In Cidlistocliiton

viviparUS the ova are developed eggs, Innd part, ventral asnect. /, foot; g,

.1 • 1 1. r ^1- ii 1 ovary; n.d, elaiulular oviduct; o.ii, iri'iiitalm the oviduct Ot the mother, and orilicr; ov, ova; ;<«, mantle. (After lleatli.)

there is no larval stage.

The segmentJition is total and, in the early stages, regular.

Fk;. 34.

Ischtincliilnn riuujdiileiieasis, female, laying
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A gastrula is formed by invagination of the endoderraic macromeres

(Fig. 10, A). The orifice of invagination or blastopore is placed

on the vegetative pole of the ovum, and does not close, but is

gradually shifted towards the anterior end of the embryo. By the

development of a ciliated ring or velum, in the centre of which

there is an apical tuft of cilia, the embryo becomes a trochosphere

larva (Fig. 14, A). The mesoderm arises from two endodermic

cells, originally situated at the hinder side of the blastopore : they

give origin to two bands of cells which extend right and left between

the enteron and the ectoderm. In each band a cavity appears

which becomes half of the coelom. The ectoderm around the

blastopore is invaginated to form the oesophagus, a diverticulum

of which becomes the radular caecum. At a late stage of develop-

ment the intestine is placed in communication with the exterior

by an anal invagination or proctodaeum. Anteriorly on the ventral

or pedal surface a second ectodermic invagination forms the great

pedal mucous gland, which is more or less atrophied at a later

period. The gills appear as papillae much later than the anal

invagination, the posterior one the first. The gonads originate by

proliferation of the anterior wall of the pericaidium.

The four great nerve-cords originate as four longitudinal and

parallel ventral thickenings of the interior surface of the ectoderm,

the two thickenings on each side of the body being closely approxi-

mated to one another at the time of their first appearance. At

the extreme anterior end of each lateral or pallial cord and behind

the velum is an eye, containing a closed cavity, or forming a

simple epithelial ocellus. This eye disappears at a later stage, but

in some species persists for a considerable length of time.

The shell-valves are formed as transverse thickenings of the

dorsal cuticle behind the velum, the tegmentum being the first

part of each valve to be laid down. The eight valves generally

make their appearance simultaneously {Chiton olivaceus, hchnochiton

magdalenensis), but sometimes the eighth valve is formed later than

the others {Chiton polii).

IV. Bionomics and Distribution.

The Polyplacophora are marine animals of sluggish habit,

creeping slowly and for no great distance. They are generally

herbivorous, and the majority of species live in the littoral zone, on

rocks or under stones, but some inhabit the deeper regions of the

sea, extending to a depth of moi'e than 2100 fathoms (some

Lcpidopleurus, etc.). They can easily be kept in aquaria. Poly-

placophora are distributed in all oceans and seas ; more than three

hundred living species have been recorded. They are fossil from

the Ordovician.
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V. Systematic lfE\'iE\v of the Sub-Orders and Fasiilies of
THE PoLYPLACOPHORA.

Sub-Ordek 1. EoPLACOPHOUA, Pilsbiy.

Tegmentum coextensive with aiticulamentum, or the latter projecting

in smootli, unslit plates.

Fa>iily 1. Lepidopleuridae, Pilsbry. Articulamentum without

insertion plates or with unslit plates ; terminal margins of end valves

never elevated ; form oval or oblong. Genera

—

Lejndojdeurus, Risso

{ = Lejitochiton, Gray) (Fig. 28, A). "Without insertion plates, sutural

laminae small
;
girdle minutely scaly or chaH'y. L. cancellatns, Sow.

North Atlantic and Mediterranean ; various abyssal species. Hankija, Graj'.

The anterior valve witli an unslit insertion plate. H. hanleyi, Bean. North

Atlantic. Hemiarfhruvi, Carpenter. Both anterior and posterior valves

with smooth, unslit insertion plates
;
girdle downy. Microplax, Adams

and Angas.

To this group belongs the extinct family of Gryptochitonidae,

Pilsbry, together with various narrow and elongated Palaeozoic genera,

whose one or two end valves have the terminal margins elevated.

Sub-Order 2. Mesoplacophora, Pilsbry.

Insertion plates well developed and slit.

Family 2. Ischxochitoxidae, Dall. AW the valves with slits, and

the inner layer well covered by the outer. Sub-Family 1. Ischno-

CHITONINAE. No shell-eyes ; sutural laminae separated ; the slits in the

valves 1 to 7 do not correspond with the ribs of the tegmentum.

Genera

—

Ischnochiton, Gray. Smooth girdle. Trachydermon, Carpenter

(with the sub-genera : Tonicclla, Carpenter, and llnnochiton, Sars). Girdle,

with small squamous spicula. T. cinercnn, Linnaeus (Fig. 28, B) {=T.
marginatiis, Pennant). North Atlantic. Chactopleura, Sliuttleworth.

Hairy girdle. 6'<('>io;</rt.';, Carpenter. ^V('/(ora(/.vm, Carpenter. Sub-Family 2.

Cali.ochitoninae. With shell-eyes and united sutural laminae. Genus

—

Calloihiton, Gray. G. laevis, Pennant. North Atlantic and Mediterranean.

Sub- Family 3. Callistoplacinae. No shell -eyes ; the slits in the

valves 1 to 7 corresjionding with the ribs of the tegmentum. Genera

—

CallixlochitoH, Car])enter (viviparous). Xuttalochiton, Plate.

Family 3. Mopaliidak, Dall. Each intermediate valve with a

single slit
;

girdle hairy. Genera— Mopalia, Gray. Plitciphorellay

Carpenter (Fig. 32). Flaxiphora, Gray. Placophoropsis, Pilsbry.

Family 4. Acanthochitonidae, Pilsbry. Valves immersed in the

ginlle, and with small tegmentum. Genera— Aamthocliiton, Leach

{ = Criiptoconchi(s, Guilding). Girdle with bundles of spicula. A. fascicxi-

laris, L. North Atlantic and Mediterranean. SponijiocJiiton, Carpenter.

Katlutrina, Gray. Amicula, Gray. CryptnrkUon, Middendorf. Valves

quite concealed ; no tegmentum. C. stcllcri, ^liiMendorf. Arctic.

Family 5. Cryftoplacidak, Dall. Vermiform, with thick girdle

and small valves ; insertion and sutural plates strongly drawn forward,
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sharp and smooth. Genera

—

Crypto2}lax, Blainville ( = Chitonellus, Lam.).

Girdle without pores. C. larvaeformis, Blainville (Fig. 26). Eastern

Archipelago. Choneplax, Carpenter. Girdle, witli hair bundles within

pores. C. stric/atus, Sow.

Sub-Order 3. Teleoplacophora, Pilsbry.

All the valves, or at least the seven anterior, with insertion plates

cut into teeth by slits.

Family 6. Chitonidak, Guilding. Characters of the Sub-Order.

Sdb-Family 1. Chitoxixae. No extra-pigmental eyes ; insertion plates

with pectinations between the fissures. Genera

—

Chiton, L. Squamous
girdle. Eudoxochiton, Shuttleworth. Shaggy girdle. Trachyodon, Dall.

Radsia, Gray. Sdb-Family 2. Toniciixae. Extra-pigmentar shell eyes.

Genera

—

Tonicia, Gray. Girdle smooth or shaggy (Fig. 23). T. elegans,

Freiubly. Aeanthopleura, Gould. Enoplochiton, Gray. Squamous girdle.

E. nitjer, Barnes. Onithochiton, Gray. ScMzochiton, Gray. Spinous girdle
;

posterior valve notched. S. incisus, Sow. (Fig. 28, C). Lorica, Adams.

Loricella, Pilsbry. Liolophuru, Pilsbry.

Order 2. Aplacophora, von Jhering

( = Solenogadres, Gegenbaur = TeJohranchia, Koren and Danielssen

= Scolccomorpha, Lankester).

Our knowledge of the Aplacophora begins wntli Loven, who in

1841 described the genus Chaetoderma, and with Michael Sars, who
mentions Neomenia in 1868, under the name Solenoims, but without

description. Chaetoderma was for a long time believed to be a

Gephyrean worm ; and Neomenia was at first included among the

Opisthobranchiate Gastropoda in a new Order, Telobranchia, by
Koren and Danielssen.

Von Jhering was the first to point out the affinities of these

two remarkable organisms with the Chitones, and to unite them in

the new phylum Amphineura (1876) ; but he classed this phylum
Avith the Vermes. Gegenbaur also classed the two genera Chaeto-

derma and Neomenia as worms under the name Solenogastres. But
Hubrecht demonstrated the molluscan nature of the new genus Pro-

neomenia, and its relationship to the Chitones. Lankester supported

this view, and was followed by nearly all contemporary zoologists.

It is generally believed that the Aplacophora are degenerate forms

of Amphineura, derived from a chitonoid ancestor.

Definition.—The chief characteristics diftcrcntiating the Apla-

cophora from the Polyplacophora are the following: (1) they are

worm-like in shape
; (2) the body is completely invested by the

mantle
; (3) the mantle is devoid of a shell, but bears numerous

calcified spicula over its whole surface; (4) the digestive tract is

straight.
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General Description. — The mantle covers the whole body,

and is clothed by a rather thick cuticle, in which are implanted

s{)icula (Fig. 35) developed from the tegumentary epithelium. The
foot is nearly aborted or wanting. The nervous system consists of

four great longitudinal trunks, Avith pedal and pedo-pallial anasto-

moses. The digestive tract is straight, the Aplacophora being carni-

vorous. The blood is red. The gonads are in open continuity with

the fore part of the pericardium. The coelomo-ducts, corresponding

to the renal sacs of the Polyplacophora, are gonadncts, and open

externally into a posterior cloacal chamber, which serves as a

rudimentary branchial cavity. There are two groups of Aplaco-

phora : the Xeomeniomorpha and the Chaetodermomorpha.

u

Spicules of various Apl:ii;oi)liora. .1, Neornenia (Wireii) ; /;, Dotulersia (Hubrecht) ; C,

Paramenia {'em\ol); D, Froneomeaia; E, Stylomenia (Pnivot) ; F, Myzomenia (Pruvot); G,
Chaetodenrui (Wireii). l.c, internal cavity.

Sub-Order 1. Neomeniomorpha.

Aplacophora with a distinct longitudinal ventral groove ; bi-

sexual, with paired genital glands and without ditferentiated liver.

I. External Characters.

The mantle extends over the sides of the body so as to cover

the greater part of the ventral surface, leaving only a narrow

median longitudinal furrow uncovered. The pallial cuticle, which

is very thick in some species,- contains a number of long, hollow,

calcified, acicular, or flattened spicules (Fig. 35) borne on epithelial

papillae. In some cases, when it is very thick, the cuticle also

includes sensory papillae. A small longitudinal projection in the

ventral furrow is the vestige of the foot. The antero-ventral region

of the body is occupied by a large mucous gland, whose secretion is

poured into a ciliated pit in the anterior part of the ventral furrow,

the whole structure corresponding to the embryonic pedal gland of

some Chitones. Smaller mucous glands are also found along the

pedal projection. Posteriorly there is a terminal cloacal or branchial

cavity, into which opens a thick mucous gland, situated between
the foot and anus.
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II. Anatomy.

Digesfife Tnict.—The moutli is anterior and ventral, and is

frequently surrounded by papillae, probably sensory in function.

It opens into a muscular and sometimes protractile pharynx lined

by a thick cuticle. The salivary glands and radular sac open into

the pharynx. The radula (Fig. 36), when present, comprises several

rows of teeth, and may be (1) polystichous, with a continuous line

of teeth in eacli row (Proneomntia and Macellomenw), in which case

a basal membrane may be present, forming a true continuous

polyserial radula (Proneomeuia acuminata, P. sluiteri, P. gerlachei), or

absent, foiming a discontinuous polyserial radula (P. vagans)
; (2)

distichous, with tAvo separate teeth (Paramenia, Pararhopalia, Ismenia,

B

E

Fig. 36.

RaduLa (transverse rows) of various Neo-
iiieniomorpha. A, Proncomenia (Hubrecht);

C..., J!, Lepidnmenia (Kowalewsky and Marion);
/lAAA4y[4 C, Macelloinenia (Priivot) ; /), Amjihimenia
' --J (Tliiele); /•,', S«)/?0)Hf /u'n (Pruvot).

L''pi(hmenia, Dinoiiienia)
; (3) monostichous, with a single tooth

(Sti/lomenid, Dondersia, Araphimenia, Prqmmmenia). The radula is

entirely absent in the Neomeniidae, in Pihopnlomenia, Pnirotia,

Strophomenla, and Notomenia.

The s;div!iry glands form a symmetrical pair, lying on the
ventral side, and opening on a subradular prominence ; their ducts
sometimes unite before opening into the pharynx. They correspond
to the subradular glands of the Polyplacophora and the posterior

salivary glands of the Cephalopoda. In some forms there is a
second pair of salivary glands, dorsal or dorso-lateral in position,

opening by a single duct into the mid-pharynx {Paramenia, some
species of Proncomenia : Fig. 37, gl.s.d). Several genera, among
them Neomenia, are devoid of salivary glands. The oesophagus is

generally short, and leads into a cylindrical and rectilinear stomach,
which frequently sends forward a caecum dorsad of the oesophagus,
and is provided with symmetrical lateral caeca, giving to tlie organ
the appearance of regular segmentation. The whole surface of the
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stomach is lined by a secretory, or so-called hepatic epithelium,

and its dorsal wall is ciliated. The intestine is straight and short,

with thin walls lined by a ciliated epithelium. The anus opens

into the branchial or cloacal chamber, together with the kidneys

and sometimes the anal mucous gland (Fig. 38).

Ciradatury Si/steru. — There are no true blood-vessels with

definite Avails, but there are tAvo Avell-marked blood-spaces—

a

ventral sinus between the foot and digestive tract, and a dorsal

tubular sinus or aorta whose hinder part forms a contractile heart.

The heart is enclosed in the pericardium and is fastened to its

dorsal Avail, except in Neonwuia, Avhere it is free. The blood is red

OAving to the presence of haemoglobin in the rounded or ovate

blood-corpuscles.

In the Xeomeniidae and most of the Parameniidae there is a

I'roneomenw fjcrlachei, ri^ht lialfof tlie anterior part of tlie body ; left-siile view, b, mouth ;

eae, pharyngeal caecum ; com.p, pedal commissnre ; eu, cuticula ; fo.ci, ciliated fossa; g.c,

cerebral ganglion ; gl.d, gonad ; (iLa, salivary gland ;
gl.s.d, dorsal salivary gland ;

/i, foot ; pap,

buccal papillae ; j^lui, pharynx ; ra, radula ; sin, ventral sinus ; st, stomacli.

more or less extensive circlet of gills on the inner Avails of the

cloacal chamber. These gills arc epithelial folds or laminae, whose

cavities communicate freely Avith the haemocoele and the above-

mentioned sinuses. In the species in Avhicli no gills are present

the venous blood of the ventral sinus is oxygenated through the

epithelium of the inner Avail of the cloacal chamber and the surface

of the foot. Where gills are present the blood passes into them

and is returned to the heart by two auricular ducts in Neommia.

Excrdunj On/ans. — The pericardium occupies the po.sterior

region of the body dorsad of the rectum. The dorsal and lateral

parts of its inner Avail are ciliated, and its cavity communicates

Avith the exterior by means of a pair of renal ducts, Avhich open

into the cloacal chamber beloAv the anus. In Strophunieiiia the renal

orifices are adjacent, but separate from one another as in (.'/uwfodrrmi,

but in all other Xeomeniomorpha the renal ducts open into the

cloaca by a common aperture (Fig. 30, C). As in the Polyplaco-
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phora, the renal tubes are first directed forwards and then turn

sharply backwards to run parallel to their former course. But the

kidneys of Neomeniomor2:)ha are very different both in structure and

conformation from those of the Polyplacophoi-a ; they serve also as

efferent ducts for the genital products, and their inner walls

—

particularly the conjoined terminal pouch—are very glandular, and

form an organ which secretes the egg-shell. Moreover (except in

Lepidomenia, in Avhich they are very simple) they bear one or two

pairs of caecal appendages on the proximal part of their course,

the caeca nearer to the pericardium serving as sperm reservoirs.

Nervous Si/steia.—On the dorsal side, and in front of the buccal

bulb, there is a large supra-oesophageal nerve-mass, formed by two

conjoined ganglia, and often provided with accessory lobes. Two
ganglionated nerve-trunks are given off from each side of this

i v^ P^ ^f^ f^

Fig. 38.

rroneomenia gerlachei, rij^ht half of the posterior part of the body, left-side view, cn.g.co,

common median cavity of the two shell-glands; cl, cloaca: i:om.l, supni-rectal pallial com-
missure ; com.p, the most posterior pedal coiimiissure ; ru, cuticula ; du.y, opening of the gonad
in the pericardium; gl.co, shell-gland of the left kidney; (jl.g, left gonad; in, intestine; o.il,

dorsal sense-organ ; o.g, common opening of the two reno-genital ducts ; p, foot
;
per, jieri-

cardium ; r, left kidney ; re, rectum ; ven, ventricle of heart ; re.s, seminal vesicle :
* anterior

limit of the junction of the two shell-glands.

cerebral ganglion ; that on the dorsal side being the pleural, that

on the ventral side the pedal cord. The two cords may originate

separately from the cerebral ganglion, or may be fused at their

origin and diverge after entering a })leural ganglion (Neomenia).

They correspond to the homonomous cords in the Polyplacophora.

The ])e(lal cords enlarge to form a pair of pedal ganglia, tmited by

a thick pedal commissure, and are continued posteriorly as two

regulai'ly varicose trunks united by transverse anastomoses. The
two pallial cords are joined together posteriorly by a supra-rectal

commissure, which is double in rroneomenia sluiteri, but absent in

Dinomeuia verrucosa and BJiopalomcnia wdim. An ovoid ganglion is

generally l)orne on the suju'a-rectal commissure. The pallial cord

of either side is united to the corresponding pedal cord by more or

less numerous anastomoses. In some forms, e.rj. Paramenia, the

pedal cords are united to the pallial some way in front of the supra-

rectal commissure. A small anterior infra-oesophageal or stomato-
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gastric commissure is given oft" from the cerebral mass, and enters

a pair of small ganglia situated in the median line between the

oesophagus and the radular sac ; moreover, the two same upper

buccal and subradular commissures as in the Chitones are present,

at least in Pvowomenia and llhojxdomcnia (Heath).

The onl}- organs of special sense are the club-shaped epithelial

papillae in the thickened cuticule of the Proneomeniidae, Xro/iicnia,

and the following Parameniidae, Dinomenia, Froparamenia, and

Pammmia. There is also a median invaginable sensory papilla

situated on the dorsal posterior surface, above the rectum. It is

not covered by the cuticle, and may be multiple, as in Dondersia,

or absent, as in Hemiincnia and perhaps Sfidjihouienin.

Generative Organs.— The Xeomeniomorpha are hermaphrodite.

The gonads are paired tubular structures, separately opening

posteriorly into the pericardium (Fig. 30, C) and extending forward

close under tlie dorsal sinus to near the front end of the body. The

ova are developed on the median, the spermatozoa on the outer

wall of each gonad. The sexual products pass into the pericardium,

whence they are driven by the pericardial cilia into the kidneys,

which, as has been explained above, serve as gonaducts and are

provided with receptacula seminis and shell -glands. In several

species paired excitatory organs, in the form of protrusible cal-

careous sincules, are situated in the cloacal chamber on either

side of the uro-iienital orifice.

III. Embryology.

Little is known of the development of the group. The ova are

laid separately. In Myzornmia hanynJensis (Pruvot)

the segmentation is regular, and an invaginate

gastrula Avith an originally posterior blastopore is

formed. An anterior ciliated ring or velum is

formed, having in its middle a tuft of cilia, Avhich

is eventually transformed into a single terminal

ftagcUum (Fig. 17). Tiie external surface of the

trochophore larva thus formed is made up of a

number of ciliated test-cells, which— as in the

Lamellibranchiate YnhUa—eventually are cast oft'

and the mantle is formed beneath. The post-

velar region of the embryo elongates, and its or Uyzomenia hanyu-

ectoderm cells develop spicules. Finally, the day'*kfter titrTest

velum disappears, and seven imbricated calcar-
pi'iivoi*)"

°"' ^^^^^'^

eous plates, made up of more or less flattened,

closely - apposed spicules, are formed on the dorsal surface

(Fig. 39).

Via. 30.

An advanced larva
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IV. Bionomics.

The Neomeniomorplia are marine animals, living in depths of

from 15 to 800 fathoms, but are most abundant in .50 fathoms.

They inhabit oozy bottoms, ami are found crawling on corals and

hydroid zoophytes, on which they feed. Thej^ have been found

in nearly all seas except the S.E. and N.W. Pacific and the

S. Atlantic. The British genera are Neomenia, Rhnpalomenia, and

Myzomrjiia. About forty species, included in twenty genera, have

been recorded up to the presejit time.

V. Systematic Review of the Neomeniomorpha.

Family 1. Lepidomeniidae, Pruvot. Slender, tapering behind,

with subventral cloacal orifice ; thin cuticle without papillae ; flattened

spicules ; no gills. Genera— Leindomenia, Kowalev/sky and Marion.

Fig. 40.

I'roneoinmia gcdachci, left-side view, b, raoutli ; c/, cloaca ; si, foot-groove ; i, head.

Ismcitid, Piuvot. Ic]itlnjoJes, Pruvot. i^'tnlomenia, Pruvot. Dondersia,

Hubrecht. Nematomcnia, Siiiivoth. My::uininia, Sinu'otli. M. banyidensis,

Pruvot. Mediterranean and Plymouth.

Family 2. Neomkniidae, vun Jliering. Short, trun-

cated in front and beliind ; cloacal oritice transverj^e
;

gills present ; rather thin cuticle ; no radula. Genera

—

Ncomenia, Tullberg. N. curinatn, Tullberg. North

Atlantic, N. and N.W. Scotland. Hemimenia, Nierstrasz.

Family 3. Proxeomeniidae, Pruvot. Elongated,

cylindrical, rounded at both end.s ; thick cuticle with

acicular spicules ; ladula polystichous or wanting.

Genera— J'roneomeiiia, Hubrecht (Fig. 40). Amphi-
menid, Tliiele. Echinomenia, Siniroth. Khojxtlnmcnia,

Simroth. E. ayhwpheniae. Mediterranean and Ply-

mouth. Notomcnia, Thiele. Pruvotia, TliiL'le. Stroplio-

„ . mcnia, Pruvot.

ji7ii/(', ventral as- Fajiily 4. Pauameniidai;, Pruvot. Short, and

foot\'roovc?"'''' '

*'' truncated in front ; thick cuticle (often without papillae)
;

gills and radula present. Genera

—

Paramenia, Pruvot

(Fig. 41). Maccllomcnia, Siniroth. Pararhopalia, Sinuotli. Dino-

menia, Nierstrasz. Cyclamenia, Nierstrasz. Proparamenia, Nierstrasz,

Uncimcnia, Nierstrasz. Krnppomenia, Nierstrasz.
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Sub-Order 2. Chaetodermomorpha.

Aplucopliora without distinct longitudinal ventral (or pedal)

groove, with unpaired unisexual gonad, wiih differentiated liver,

and with posterior cloacal chamber provided with two bipectinate

gills.

Anatoinij.—The mantle covers the whole surface of the bod}',

which is therefore cylindrical and vermiform in appearance. The
hinder half of the body is a little stouter than the anterior ; the

posterior extremity swollen and bell-sliaped, forming the widely

cloacal chamber. The whole body has a uniform co^ering of short,

compressed, calcareous spicules imi)lanted in the cuticula.

The mouth is anterior, terminal, and crescentic, owing to the

presence of a rounded \'entral shield. Chaetoderma radulifcra alone

is provided with mandibles. The buccal cavity, whose anterior part

is partially protrusible, bears on its floor a very peculiar radula,

which may consist of ('«) a single large tooth (Fig. 43, C), upon which
two small teeth are placed {C. niliduhun and C. prodmiimi)

;
{h) a

single large tooth, upon which
is a row of teeth (C (jattu-

rosum
;

(c) no large tooth,

several rows of three teeth one

behind the other (C. raduli-

fera)
;

(d) several distichous ^, , ,_ .,.,
, , ™ , ,.

rows of two teeth each (C. enlargement is to the left, the cIo;ical or pallial

7 ;; \ rri • e !• chamber (containing the concealed pair of ctenidia)
CnaUenffen). i wo pairs OI sail- to the right. (From Lankester, alter Gmtf.)

vary glands, similar to those

in the Neomeniomorpha, open into the buccal cavity. The diges-

tive tract is quite straight, and narrows towards the middle of

its course to form the intestine. Just before it narrows it receives

the duct of a more or less extensive hepatic caecum, which extends

backwards on the ventral side of the intestine. The hepatic caecum,

large in most species, is feebly developed in C. cJuillcnt/eri. The
anus opens in the median line in the cloacal chamber (Fig. 43, B).

The heart is jjosterior and dorsal, and lies neariy free in the

pericardial cavity. It is traversed by the retractor muscles of the

gills. In its main features the circulatory system resembles that

of the Neomeniomorpha. The posterior extremity of the body is

hollowed to form a bell-shaped cloacal cavity, wliich has a con-

tractile aperture and contains a pair of large branchiae placed

S3'mmetrically right and left of the anus. Each l)ranchia bears a

double row of branchial plates, as is the case in the Polyplacophora

(Fig 43, B).

The two renal ducts are more evidently true excretory organs

than in the Neomeniomorpha. They originate from the posterior
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corners of the pericurcjial cavity, run forward under the floor of

the pericardium, and then turn outwards and Imckwards to run

back to their respective apertures right and left of the anus.

Their thin Avails are lined ])y a ciliated epithelium, and there are

no accessory generative organs.

In the nervous system there are two intimately fused cerebral

Fui. 4.S.

Chaetodenna nitidubim. A, uiediiin sagittal section ; B, sagittal section of the posterior

extremity ; C, sagittal section of the anterior extremity, a, anus ; In; retractor muscle of the

branchiae; c.f/, cerebral ganglion ; d.<, digestive tract
; g, gill ; jro, gonad ; A, heart; i, intestine;

k, kidney ; /, liver ; m, mouth ; me, " mesothorax "
; p.c, pallial suprarectal commissure ;

pM,
pericardial duct ;

pe, pericardium; pe.c, pedal commissures; ;»•, " prothorax "
; r, radula ;

.•.(•,

sublingual commissure. (After Wiren.)

ganglia bearing accessory lobes. Each ganglion gives rise to two

longitudinal nerve -coixls, the ventral or pedal cord being more

slender than tlie dorsal or pallial cord. In the anterior part of

their course the pedal and pallial cords of either side run parallel

and adjacent to one another, but in the posterior region of the

body they arc fused together, as in Paramenia, and the two pallio-

pedal cords thus formed are united dorsad of the rectum by a
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ganglionic swelling. A small perirectal commissure originates

from this swelling. The pedal cords are united Avith one another

and with the pallial cords of the same side by anastomoses in the

anterior region of the body. A small stomato-gastric commissure,

bearing two small stomato-gastric ganglia on the middle of its

course, arises from the cerebral ganglia and surrounds the

oesophagus. There are no organs of special sense except a dorsal

posterior and median pit, corresponding to the precloacal fossa of

the Xeomeniomorpha.
The sexes are separate. The azygos gonad occupies the same

position as the paired gonads of the Neomeniomorpha, and com-
municates by a median aperture with the pericardial cavity. The
generative i^roducts are conducted from the pericardium to the

exterior by the renal ducts. The embryology of the group is quite

unknown.
The Chaetodermomorpha are marine animals feeding on lowly-

organised forms of life, such as Protozoa, etc. They are found in

oozy bottoms from a depth of 15 fathoms to abj'ssal regions.

The nine recorded sj^ecies of the single genus Chaetoderma come
from the North Atlantic, North Pacific, and Arctic Oceans, the Sea
of Marmora, the Eastern Archipelago, and the Philippine Islands.

Family CH.\ETODEKiiATiDAE, von Jhering. Genus

—

Chaetoderma,

Loven. The characters are those of the sub-order. Limifossor, Heath
(Alaska).

PhYLOGENY of the AMrHINEURA.

The Polyplacophora present the most archaic characters among
the Amphineura. The Aplacoi)hora, on the other hand, are

specialised in the following respects : (1) in the great reduction of

the foot
; (2) the disappearance of the shell (Cn/pfojilax, among the

Polyplacophora, shows how these two reductions may take place

simultaneously)
; (3) the absence of the radula in several forms.

The Chaetodermomorpha seem to be more specialised in these

points than the Neomeniomorpha.

LrrEUATUUE of the AMI'HINEUKA.

I. Polyplacojyhora.

1. van Bemmelen. Zur Anatomie der Chitonen. Zool. Anzeiger, 1883, p. 340.

2. Blumrich. Das Integument der Chitonen. Zeitschr. f. wiss. Zool. Hi.

1891, p. 404.

3. Buriicl Notes on the Anatomy of Hanleya Hanleyi, M. Sars. Pioc.

Malacol. Soc. ii. 1S96, p. 4.

4. Garyuiult. Sur la structure et le dcveloppenient de l'(i;uf et de son follicule

chez les Chitonides. Arch. Zool. ExptT. (2), vi. 1888.

5. Haddon. On the (jenerative and Urinary Ducts in Chitons. rroc. K.

Dublin Soc. new ser. iv. 1885.



64 LITERATURE OF THE AMPHINEURA

6. Hacldon. Report on the Polyplacophora. Challenger Reports, Zoology, Part

xliii. 1886.

7. Haller. Die Organisation der Chitonen der Adria. Arb. Zool. Inst. "Wieu,

iv. V. 1882, 1883.

8. Beitnige zur Kenntniss der Placophoren. Morph. Jahrb. xxi. 1894.

9. Heath. The Development of Ischnocliiton. Zool. Jahrb. Anat. u. Ontog.

xii. 1899.

10. von Jhcring. Beitrage zur Kenntniss der Anatomie von Chiton. Moq)h.

Jahrb. iv. 1878.

11. KoivalciDshj. Embryogenie du Chiton Polii. Ann. Mus. Marseille, Zool. i.

1883.

12. Loven. Ueber die Entwickelung von Chiton. Arch. f. Naturgesch, 1856.

13. Metculf. Contributions to the Embryology of Chiton. Stud. Biol. Labor.

Johns Hopkins Univ. v. 1893.

14. Middendorf. Beitrage zur einer jSIalacozoologia Rossica—I. Beschieibung and

Anatomie neuer Chitonen. Mtm. Acad. Petersbourg (6), vi. 1849.

15. Moselcy. On the Presence of Eyes in the Shells of certain Chitonidae, and

on the Structure of these Organs. Quart. Journ. Micr. Sci. new ser. xxv.

1885.

16. Pelscncer. Recherches morphologiques et phylogenetiques surles MoUusques

archaiques. Mem. cour. Acad. Belg. Ivii. 1899.

17. Plate. Die Anatomie und Phylogenie der Chitonen. Zool. Jahrb. Suppl.

iv. V. 1897, 1899, 1901.

18. Eeincke. Beitnige zur Bildungsgeschichte der Stachelu ini Mantelrande der

Chitonen. Zeitsclir. vviss. Zool. xviii. 1868.

19. Sampson. The Musculature of Chiton. Journ. of Morphol. xi. 1895.

20. Schiff. Beitriige zur Anatomie von Chiton piceus. Zeitschr. -wiss. Zool. ix.

1858.

21. Sedgwick. On certain Points in the Anatomy of Chiton. Proc. R. Soc.

London x.xxiii. 1S81.

2V''\ Wcttstein. Zur Anatomie von Cryptoplax larvaeformis Burrow. Jenaische

Zeitschr. xxxviii. 1903.

IL Aplacophora.

22. vo)i Graff. Anatomie des Chaetoderma nitiduluni. Zeitschr. wiss. Zool.

xxvi. 1875.

23. Hansen. Anatomiske Beskrivelse af Chaetoderma nitiduluni. Nyt.

Magaz. Naturvid. xxii. 1877.

23'"''. Heath. The Nervous System and Sul)radular Organ in two genera of

Solenogastres. Zool. Jahrb. (Anat. und Ontog.) xx. 1904.

24. Hcuscher. Zur Anatomie und Histologie der Proneomenia Sluiteri. Jeuaiscbe

Zeitschr. Naturw. xxvii. 1893.

25. Huhrecht. Proneomenia Sluiteri. Nied. Arch. f. Zool. Suppl. i. 1881.

26. Dondersia festiva gen. et spec. nov. Donders Feestbundel. Nederl.

Tijdschr. van Geueesk. 1888.

27. Kowalcivsty et Marion. Contribution a I'histoire des Solenogastres ou

Aplacophores. Ann. Mus. Marseille, Zool. iii. 1887.

28. Kowalewskij. Sur le genre Chaetoderma. Arch. Zool. Expi'r. (3), ix.

1901.

29. Nicrstrnsz. The Solenogastres of the " Siboga " Kxpcdilion. Rcsultats des

Explorations ... a bord du Siboga, xlvii. 1902.



LITERATURE OF THE AMPHhXEURA 65

30. Pruvot. Sur I'Organisation de qneli^ues Neomeniens des Cotes de Fiance.
Arch. Zool. Exp^r. (2), ix. 1S91.

31. Sur deux Xeomenieiis nouveaux de la Mediterranee. Arch. Zool.

Exper. (3) vii. 1901.

32. Sur le developpement d'un Solenogastre. Comptes rendus Acad. Sci.

Paris, cxi. 1890.

33. Thick. Beitriige zur vergleichendeu Anatomic der Amphineuren. Zeitschr.

f. wiss. Zool. Iviii. 1S94.

34. Tullhcrg. Neoraenia, a new Genus of Invertebrate Animals. Bihang K.
Svensk. Vet. Akad. Handl. iii. 1875.

35. IViren. Studien uber die Solenogastres. K. Svensk. Yet. Akad. Handl.
xxiii. and xxiv. 1892, 1893.



CHAPTER III

THE GASTROPODA

CLASS II.—GASTROPODA, Cuvier

( = Paracephalophora, Blainville ; Anisopleura, Lankester).

Sub-Class I. Streptoneura.

Order 1. Aspidobranchia.

Sub-Order 1. Docoglossa.

„ 2. Rhipidoglossa.

Order 2. Pectinibranchia. •

Sub-Order 1. Taenioglossa.

,,
2. Stenoglossa.

Sub-Class II. Euthyxeura.

Order 1. Opisthobranchia.

Sub-Order 1. Tectibranchia.

„ 2. Nudibranchia.

Order 2. Pulmonata.

Sub-Order 1. Basommatophora.

,, 2. Stylommatopbora.

Definitioii.—The Gastropoda, together with the Scaphopoda and

the Lamellibiauchia, form the branch Prorliipidoglossomorpha of

the Molhisca, that is to say, a group in Mhich the gonads are no

longer in direct communication with the pericardium, the foot is

wholly posterior to the head, and a visceral commissure is present.

The Gastropods are a class of the Prorliipidoglossomorpha specially

characterised, firstly, by their asymmetrical organisation ; secondly,

by their well-developed head ;
and tliirdly, by their shell, which is

formed of one piece and coiled in a si)iral, at least in the larval

stage.

66
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i. General Description and External Characters.

The three external divisions of the body, head, foot, and mantle

are well defined. The head is well developed, and forms a more or

less cylindrical mass, but is sometimes flattened. At its anterior

extremity is the mouth, and dorsally it bears one or two pairs of

tentacles. There is one pair of tentacles in the Streptoneura

(Fig. 4-t), the "Thecosomata" (Fig. 63), in PhjlUrhof (Fig. 161),

Tlieoicera, the Proctonotidae, the Elysiidae (Fig. 170), the basom-

matophorous Pulmonates, and Janella (Fig. 178). There are two
pairs in the majority of Opisthobranchs (Fig. 154) and in the

stylomraatophorous Pulmonates (Fig. 172). The tentacles either

are or bear sensory organs ; they are contractile, and in the Stylom-

matophora invaginal^le. The right tentacle of both sexes bears an

appendage in Udthi/sciadium (Fig. 126), certain Trochidae (Fig. 130),.

and Calyptnica. The form of the tentacles varies greatly in different

groups. Sometimes they are atrophied, and they may even dis-

appear without leaving a trace, as in Olivella, Homalogyra, certain

species of Terehrn, Picwfrachea (Fig. 143), Limapontia, and Psev.do-

vermis (Fig. 169). In the majority of the Bullidae the two pairs

of tentacles are enlarged and transformed into a quadrangular shield

(Fig. 148), the four corners of which correspond to the tips of the

four tent<icles. The single pair, much reduced in certain Basom-
matophova (Amphibolidae, Otinidae, Fig. 173, Siphonariidae),

similarly gives rise to the ajjpearance of a flattened disc on the top

of the head. The anterior pair of tentacles in the Pleurobranchidac

(Fig. 157) and in various Xudibranchs (Tritoniidae, Fig. 83, Den-
dronotidae, Tethyidae, etc.) is transformed into a more or less

well -developed frontal veil. Finally, the tentacles are flattened

{Xarica) ; split (Pyramidellidae, Fig. 137, Solarium, the posterior

pair in many Opisthobranchs) ; bifurcate (Janfhina, certain Elysio-

morpha) ; or multifid (the posterior pair in many Nudibranchs,

Dendronotus, Anrnla, Fig. 163). In some species, on either side of

the buccal orifice, there is another pair of appendages of greater or

less length, known as the hibial palps. These are found in Trochus

infundibulum, Ampnllaria, JeffreysM, Cimistes, among the Strepto-

neura
; and among the Euthyneura in sundr}^ Pulmonates {Glandma,_

Limnaea, in which they form a sort of buccal veil, Fig. 107), and
in Tectibranchs. In addition to the above-mentioned cephalic

appendages of the adult, the following structures should be noted :

the cephalic or frontal lobes, situated between the two tentacles

and consisting of projections of various shape, in many Rhipido-

glossa and in Fossarus ; the dorsal median crest in Olivella and
Janus; and finally, the pseudopalliimi, an expansion of the

cephalic integument surrounding the whole shell, with the excep-
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tion of the summit of the spire, in Stylifer and allied parasitic

forms (Fig. 20).

1. The Foot.—This is primitively and normally formed by a

powerful mass of ventral muscles with a more or less elongated

A, Triton variegatum, animal and shell, seen from the right side, a, siphonal notch of the
shell occupied by the sijjhcnal fold of the mantle-.skirt ; b, edge of the mantle-skirt resting on
the shell ; c, cephalic eye ; d, cephalic tentacle ; e, proboscis or buccal introvert in a state of
aversion ; /, foot

; g, operculum ; h, penis ; i, under-surface of the mantle-skirt, forming the
roof of the sub-jjallial chamber. (From Lankester, after Poll.) B, sole of the foot of Hemifusvs
tuba, to show, a, the pore of a pedal gland ; h, median line of the foot. (From Lankester, after

Souleyet.)

ventral creeping surface (Fig. 44, B). But this primitive condition

may be modified in relation to different conditions of existence.

Thus, among sedentary Gastropods the foot is reduced to a simple

discoidal prominence in such fixed forms as Vermetus (Fig. 45) and

Fio. 40.

Verinetxis triqueter, with broken .sliell ; left-side view, co, columellar muscle ; /, foot ; »i,

mouth ; o, aperture of the sliell ; oj), operculum ; ov, eggs ; pa.s, mantle slit ; ;).t, pedal tentacles ;

sh, shell. (After Lacazc-Duthiers.)

Magihii^. In Bathysciadium (Fig. 126) the ventral surface of the

foot assumes the form of a sucker, the central portion of which is

covered by a thick cuticle, and the circumference is ciliated. In

the parasitic forms Stylifer and Thyca the foot is atrophied and is
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represented only by a small ventral appendage. Among the free-

swimming Gastropods we find that in the Heteropods the foot is

laterally compressed to form a vertical natatory lobe held upper-

most in swimming (Fig. 142), but in Fhjllxrhoe it no longer exists as

a dift'erentiated organ (Fig. 161). In leaping Gastropods, such as

llostelhxria among the Strombidae (Fig. 46), the foot is also laterally

compressed, and its ventral surface, if not displaced anteriorly, is

not Hat. In Ilarpa the posterior part of the foot may be cast oflF by

a process of autotomy.

The creeping sole is often divided by a median longitudinal

furrow ; this may be seen in sundry Khipidoglossa, e.g. Trochus,

Stomatella, Phasianella ; and in Taenioglossa such as Liitorina and

Cydostoma : in the last-named genus the two halves of the foot

contract alternately during progression. A transverse furrow,

crossing the anterior half of the foot, is found in the Olividae,

Pomatiopsis, many Auriculidae, Otina, and Ci/erce.

Certain parts of the foot may exhibit special differentiations.

(1 ) Its two anterior angles are prolonged into tentacles in Cydostrema,

Valvata (Fig. 132), Chorisies, OUvella, Eolis, etc. (2) The anterior

margin of the foot may be furnished with a number of small tactile

papillae as in Trodim, etc., or there may be a small fleshy projection,

called the mentum, between it and the mouth, below the aperture

of the supra-pedal gland, as in the Pyramidellidae (Fig. 137),

Siliquaria, Adis, Vcrmeius. In Capulns there is a little projecting

tongue-shaped structure above the anterior margin of the foot and
below the snout, and in Vermetus two symmetrical tentacles are

present in the same iDosition, on either side of the aperture of the

supra-pedal gland. (3) In various fossorial Gastropods the whole
anterior region of the foot is somewhat elevated above the head,

to form the propodium. This region is distinctly separated from

the rest of the foot by a constriction in the Harpidae and by a

transverse furrow in the Olividae. The propodium is particularly

well developed in the Naticidae, in which it is reflected over the

wliole cephalic region to form a powerful digging organ (Fig. 47).

(4) The lateral margins of the foot are expanded to form fins or

parapodia in certain Olividae, and particularly in a number of

Opisthobranchs, as, for exam[)le, in Gasfropieron, Acera, etc. ; among
the BuUidae, the Pteropods, Aplpia, etc. In Xotarchvs these two
lobes are united above the body in such a manner as to form a

muscular sac open in front, but closed behind and at the sides. By
forcibly expelling water through the anterior aperture, the animal

makes use of the .sac as an org;in of locomotion. (5) The posterior

region of the foot is often separated off as a distinct operculigerous

lobe, as may be seen in the Strombidae (Fig. 46), Xcnophorus

(Fig. 134), and the Atlantidae (Fig. 141). In some Marginellidae

there is a posterior dorsal discoid lobe. In Nassa and in allied
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forms the posterior extremity of the foot bears a pair of tentacles

which are sometimes bifurcated, and in Fhos there is a single filament

in this position. In Fterotmdi&x the foot terminates posteriorly in

a long filiform contractile appendage, bearing several annular vari-

cosities. In Cymhidia the posterior lobe of the foot also ends in a

long whip-like appendage. (6) On the sides of the foot, at about

the middle of its height, there is often a ridge, the epipodium,

extending from the head to the posterior end of the foot. This

ridge is specially well developed in various Ehipidoglossa (Fig. 1 30,

VIII), and may bear appendages of greater or less length, sensory

organs, and pigment spots, the last-named, however, showing no

trace of the structure of eyes. The anterior part of the epipodium

Fio. 46,

llostellana rectirostria, animal and shell, right-side view, a, snout or rostrum ; '>, cephalic

tentacle ; c, eye ; d, anterior part of the foot ; e, posterior (operculigerous) part of the foot ; /,

operculum ; W, anterior canal of the shell, occupied by the pallial siphon. (From Lunkester,

after Adams.)

generally forms a cervical lobe, which exhibits a characteristic

asymmetry in certain Trochidae. The epipodium is found also

in Lifiopa, the Rissoidae, Narica,.Janthina, etc., and a portion of

it is represented by the cervical lobes in Paludina, AwjntUaria,

iind Caljiptraca.

The surface of the foot is normally furnished with a large number
of unicellular mucous glands, and very often these cells are specially

accumulated in invaginations of the integument, distinguished as

pedal glands. The most important of these invaginations are—(1)

The anterior groove of the foot (Fig. 144, IV), into which open the

so-called hiljial glands : it is often continued into a fairly long canal.

This anterior jicdal gland is very generally jirescnt in the aquatic

creeping species of Streptoneura and Opisthobranchs ; it secretes

the mucus which lubricates the surface of the foot, and is auxiliary

to creeping whether it be on the bottom of the sea or on the
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surface in a reversed position. (2) The supra-pedal gland opens in

the middle line between the snout and the anterior border of the

foot. It is most commonly found in sessile Streptoneura {Vermetus,

Hipponyx) and in terrestrial forms such as Cijdostoma and the

Pulmonata. It is often very deep, and extends for nearly the

whole length of the foot : its walls are thrown into folds and are

ciliated ventrally in the majority of the Pulmonates. (3) The
ventral pedal pore, situated in the middle line in the anterior

moiety of the foot, is the aperture of a more or less extensive and
often ramified cavity into which the glands of the sole or the pedal

glands properly so called pour their secretion (Figs. 44, B ; 144, I).

This organ is comparable with the byssogenous gland of Lamelli-

branchs (Fig. 197), and is found in the folloAving genera: in

Cydostoma, in which it is composed of multiple tubules ; in Cypraea,

Hemifusus (Fig. 44), Cassis, and a large number of Kachiglossa and
Toxiglossa, viz. in the Fasciolariidae, Turbinellidae, Nassa, Murex, the

Olividae, Marginellidae, and Conidae (Fig. 144). Its opening was
formerly mistaken for an aquiferous pore. (4) The posterior mucous
glands may be either dorsal or ventral in position. The former are

characteristic of terrestrial Gastropods, such as the Pulmonates and
certain Cyclostomatidae, in which they are often surmounted by a

simple or multiple horn-shaped protuberance {Orpiella, Pledrophorus,

Dermatocera). The ventral posterior glands are simple localisations

of the dermic glands, and occur in various Opisthobrauchs ; they are

not sensibly invaginated in the Pleurobranchidae and Pleuro-

phyllidae, but are invaginated and form a long canal in Gastropteron.

The product of secretion of the pedal glands in many cases solidifies

on contact with the air or water and serves for the suspension of

the animal. In some species of Limax, Litiopa, Cerithidca, etc., it

assumes a filamentous form ; and in both sexes of Janthin'i, whether
viviparous or not, it is filled with air-bubbles and forms a float,

covering the ventral surface of the foot, beneath which the animal
is suspended (Fig. 135).

The venti'al border of the flattened and fin-like mesopodium of

the Heteropoda exhibits, in the male at any rate, an invagination in

the form of a sucker (Figs. 141, 142, (/'). A similar sucker exists

on the ventral or i)cdal area of some species of PlnjlUrhor, but in no
Gastropod does the foot exhibit an aquiferous pore, in the sense

formerly attacheil to this term. In some forms, however, and at

all events in the Naticidae, there is a system of a(iuiferous spaces in

the foot ; these spaces are completely separated from the circulatory

apparatus and serve to distend the foot (Fig. 4 7, VIII) in the action

of burrowing in the sand or mud.
The foot often bears on its posterior dorsal aspect a solid

sclerite, known as the operculum, which, on the retraction of the

animal, senses to close the aperture of the shell. The operculum
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is sometimes borne on a differentiated portion of the foot as in

Xenoj^horus (Fig. 134), Pteroceras (Fig. 75), Atlanta (Fig. 141), or on

a distinct expansion, which in Natica is reflected over a portion of

the shell. An operculum is present in almost all adult Streptoneura,

the exceptions being the Docoglossa, the Fissurellidae, the Haliotidae,

Fio. 47.

i^aiicajosep/trrto, fully expanded ; right-side view. I, exhalant orifice ; II, propodium ; III,

part of propodium reflected on the shell ; IV, tentacles ; V, shell ; VI, posterior part of foot
reflected on the shell ; VIII, hind-part of the foot. (After Schiemenz.)

Gena, Stomatia, the Proserpinidae, Calyptraeidae, Capulidae, Hip-

ponycidae, Cypraeidae, Doliidae, Marginellidae, Harpidae, the

majority of the Mitridae, many Cancellariidae and Conidae, Olka,

the Janthinidae, etc. But in all these cases, with the exception of

the larva of Stijlifer, an operculum is present during development,

Operculum ot Oxygyrus, x 30, external aspect, a.s, attachment surface ; v, nucleus of the
opercular spire.

as may be seen, for example, in the Patellidae, FissureUa, Calyptraea,

Janthina, Carinaria, etc. The naked Streptoneura, Entoconcho,

Enteroxcnos, PterofracJtea, Firoloida also have an operculated shell

in the larval stage of development. Among the Euthyneura, on

the other hand, only Acfaeon and Liniacina among the Opistho-

branchs, and Aniphibola among the Pulmonates, possess an oper-

culum in the adult stage, but the great majority, even of the naked
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forms such as the Nudibranchs, the Cymbuliidae, and Pleurobninchus,

are p^o^^ded with an operculated shell during their development,

the only exceptions being some highly specialised forms, e.g. the

Pulmonates (excepting the Auriculidae, Siphonariidae, and On-

cidiidae, which have an operculum during development), Etincina,

Cenia, and of the " Pteropods," the Cavoliniidae and Gymnosomata.

An operculum may be present or absent in the adults of the

same genus, as may be seen in Stomafella, Vermetus, Valuta, Mitra,

Pleiirotoma, and Comts. It may be absent in certain individuals of

the same species as in VolxdJiarpa amjntllacea, or it may Ite normally

caducous in aged individuals

as in Limacina antardica and

L. helicina. The composition

of the operculum varies ver}-

much in the different groups

of Gastropoda. It is com-

FlG. 4l>.

Limacinu ayitarctica, young
specimen with the operculum
in situ, f.sp, false spire ; op,

operculum.

Fig. oO.

Cydostrcmu decussaiiun. Shell and oper-
culum {op).

monly horny, or it may consist of a horny plate covered by a thin

calcareous layer, as iix Liotia among the Delphinulidae and Cistula

among the Cyclostomatidae; or, finally, it may be completely calcified,

as in the Turbinidae, Phasianellidae, Neritidae, etc. Its conformation

is originally spiral, and in this case the spire is always inverse to

that of the shell, even in the Atlantidae (Fig. 48), except in certain

cases of hyperstrophy described below. It may, however, be con-

centric, imbricated, or scaly (Strombidae, Fig. 75, op), and it maybe
furnished with lateral apophyses as in Neritino, lUssoina, and Stiva.

Some non-operculate testaceous GasLropod.s, as, for instance, many
stylommatophorous Pulmonates and some species of Planorbis,

secrete glutinous or calcareous epiphragm which closes the mouth
of the shell during hibernation or aestivation. In Jlipponi/.v the

foot secretes a calcareous plate by means of which the animal
fixes itself to the sub.stratum.

2. Visceral Sac, Mantle, ami Shell.—The mantle normally covers

the whole of the visceral sac and projects all round it, leaving only

the head and foot projecting on the ventral side. On the anterior

or on the lateral aspect, or exceptionally on the posterior aspect, as



74 THE GASTROPODA

in the Cavoliiiiidae and Cymbuliidae, there i.s a sjiace left between
the mantle and the body, constituting the pallial cavity. This

pallial cavity has a situation opposite to that which it occupies in

other Molluscs (Fig. 22), due to the torsion which the Gastropod

body undergoes towards the end of its development.

Pig. 51.

Three larvae (veligers) of Trochtis, during the process of torsion, vieweil from tlie right side

of tlie shell. A, nearly symmetrical larva ; B, a stage 1^ hour later than A ; C,a. stage 3i hours
later than B. f, foot ; op, operculum

;
pa.c, pallial cavity ; ve, velum. (After Robert.)

The process by which this torsion is brought about may be

referred, on ultimate analysis, to a morphological phenomenon
common to the Cephalo[)ods (Fig. 119, D), Scaphopods (Fig. 119, B),

and Lamellibranchs (Fig. 119, C), as well as to the Gastropods.

This phenomenon is the ventral flexure which takes place in an

anteroposterior sagittal plane, about a transverse axis situated at

-B ^

Fio. 52.

Diagram of the torsion of the visceral commissure in the Streptoneura seen from tlie buccal

side. A, before the torsion, whose direction is indicated by the arrow ; B, after the torsiou.

a, anus; ab, abdominal ganglion; ce, cerebral ganglion; i.i, infra-intestinal ganglion; 711,

mouth ;
pa.c, pallial cavity ; s.i, supra-intestinal ganglion.

right angles to the main antero-posterior axis of the animal, and results

in the approximation of the two ends of the digestive canal. As
a consequence of this flexure, the visceral mass and shell, which were

originally saucer- shaped, become thimble-shaped, or are produced

into a more or less pointed cone, and during the flexure there is a

simultaneous coiling of the visceral sac and the shell covering it in

a dorsal or anterior direction, so that an exogastric coil is produced.
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as may be seen in the Patellidae, Fissurellidae, and Trochidae

(Fig. 51, A). "^This disposition of the shell is the same as that which

obtains in other Molluscs with coiled shells (Nautilidae, Fig. 27u),

but without lateral torsion. But in Gastropods, during the com-

pletion of the metamorphosis, there is a lateral torsion subsequent

to the primitive ventral flexure, as a result of which the originally

dorsal or exogastric shell becomes ventral or endogastric (Fig. 51, C).

This lateral torsion is causally connected with the growth of the

ventral creeping surface, which primitively was very short, but

eventually increases in length, and in so doing tends again to

remove the pallial opening, and with it the anal and renal orifices

and the respiratory organs, away from the head. The approxima-

tion of these organs to the head is therefore necessarily effected by

a lateral torsion in a plane perpendicular to the primitive ventral

flexure ; that is to say, about a dorso-ventral axis' situated in the

same modian sagittal plane as the antero-posterior axis. It is this

second lateral torsion, then, in-

^ '-—-- - volving all the organs contained

in the shell— the cephalo- pedal

Fio. 53.

Four stages of Uie (levi'lopuieiil of a Gastropod,
showing tlie process of tlie body -torsion. A,
embryo witJiout flexure ; li, embryo with ventral
flexure of th" int"stine ; C, embryo with ventral
flexure and an exogastric shell ; D, embryo with
lateral torsion and an endogastric shell (tlie

arrows indicite the direction of the torsion).

«', anus
; /, foot ; m, mouth ; pa, mantle ; jw.c, ,

]>allial cavity ; re, velum. (After Robert.)

Fig. 54.

Scismrella hil'.eltonensU, out of its

shell, dorsal aspect. I, snout ; II, right
tentacle; III, pallial slit; IV, right

gill ; V, rectum ; VI, gonad ; VII, left

kidney ; VIII, left half of the coliuiiellar

muscle ; IX, left gill ; X, left eye.

mass being supposed to be fixed or vice versa—which brings the

pallial aperture and the anus from a posterior to an anterior position

(Fig. 53).

During this lateral torsion the following changes are necessarily

produced in the original organisation of Gastropods:—(1) The
anus being carried forward along one side of the animal, the

organs situated on either side of this orifice change their relative

positions; those wliicli were morphologically on the right become
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topographically on the left side, and xke versa. (2) The visceral

commissure, while maintaining its position in respect to the

digestive canal, becomes twisted (Fig. 52) in such a manner that

its right moiety with its ganglion passes over to the dorsal side of

oesophagus (Fig. 57), and is therefore called supra-infestinal, while

the left moiety passes under the oesophagus towards the right side,

which explains the name infra-intestinal given to this portion of

the commissure and the nerve-centre borne on it. (3) The
original symmetry of the organisation disappears. The anus

does not remain in the centre of the pallial cavity, but is dis-

placed towards the right side. The organs situated on the topo-

graphically right— but morphologically and originally left— side

atrophy (Plcurofomaria, Scissurclla, etc.), and eventually disappear.

An essential feature of the asymmetry of Gastropods is the atrophy

or disappearance of the topographically right (morphologically left)

Fig. 55.

Trochus cinerarius, heart and
kidneys, dorsal aspect (some-
what schematic). I, left renal

pore; II, right renal pore; III,

right kidney ; IV, papilla with
the common opening of the peri-

cardium and of the gonad into
the right kidney ; V, right reno-
pericanlial duct; VI, anterior
part of the gonad ; VII, right
auricle; VIII, ventricle; IX,
pericardium ; X, left auricle

;

XI, left I'eno-pericardial orifice;

XII, branchial efferent vessel;
XIII, left kidnev ; XIV, rectum ;

XV, gill.

half of the circumanal complex, involving the ctenidium, auricle,

osphradium, hypobranchial gland, and kidney. In forms with

situs inversus, or, as they are generally called, sinistral forms, the

phenomenon is reversed : the organs of the left side are preserved,

those of the right side atrophy or disappear. In dextral Gastropods

the only structure found on the topographically right side of the

rectum is the genital orifice. But this is not an original organ.

It is wanting in forms which, like Pleurotomaria, Haliotis, etc., have

preserved the maximum of symmetry. Moreover, in the most

primitive stage of organisation, the gonads opened into the kidneys.

As soon as the asymmetry makes its appearance, CA'en while there

are yet two kidneys, the genital products are conducted only into

the right kidney (Patellidac, Trocliidae, Fig. 55, Fissiu-ellidae).

Consequently the right kidney cannot disappear altogether, but

persists in part as the gonaduct. The latter structure, therefore,

is the remains of the topograi)hically right kidney, a view which
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has been confirmed by the study of the embryology of Paludina.

(4) The coil of the visceral sac and shell becomes endogastric.

Originally these structures were coiled dorsally or, in other words,

were exogastric (Fig. 53, C), but as a result of a rotation through

an angle of 180', the coil necessarily becomes ventral or endo-

gastric (Fig. 53, D). Most usually, however, the coils of the

visceral sac and shell do not remain in the same plane, but the

summit of the spire gradually comes to project on the side which

was originally left, but which at the end of development is finally

and topographically right (Fig. 44). Thus a spiral coil is formed

which has the advantage of giving a more compact form to the

shell and its contents, and of diminishing its diameter. In those

forms in which the torsion and asymmetry is dextral, the coil of

the spire is conformable since it also is dextral ; that is to say, it

follows the direction of the hands of a watch if the shell is viewed

from the summit of the spii'e (Figs. 47 and 132, etc.). Nevertheless,

the coil of the shell is by no

means the cause of the torsion
;

both are foreshadowed in the

segmentation of the ovum, in

which there is a complete reversal

of the direction of the cleavage

planes in sinistral as compared

with dextral Gastropods. The
apparent direction of the coil,

however, may be changed by a pro-

cess of liyperstrophy (see below,

p. 82), and finally the coil of the

Fio. 57.

Xervous system of Artaeoii torna-
lUis, in situ, dorsal aspect. I, buccal
gland; II, buccal mass ; III, cerebral
ganglion; IV, infra -intestinal part
of the visceral commissure, with a
small pallial ganglion ; V, infra-
intestinal ganglion ; VI, right sali-

vary gland ; VII, abdominal ganglion
and genital nerve ; VIII, oi'sopliagus

;

IX, supra- intestinal part of the
visceral commissure ; X, supra-
intestinal ganglion.

Shell of a very young Patella

vitlgata, viewed from tlie right
side, X 25. sp, apical spire.

visceral mass and spire may disappear in the adult, leaving the in-

ternal torsion and asymmetry unaltered, but producing a secondary
external .symmetry, as in the Patellidac (Fig. 56), Fissurellidae, etc.

(5) By detorsion, or movement in a contrary direction, the anus
and circumanal complex (with the exception of the male or herma-
phrodite genital aperture) may be carried back to a posterior posi-
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tioii. This tendency to detorsion may be observed in exceptional

cases among the Streptoneura {Pterotrachea , Fig. 143), but it is

specially characteristic of the whole group of the Euthyneura, lead-

ing to the untwisting of the visceral commissure, which, in this

group, is obviously twisted only in Adaeon (Fig. 57). When detorsion

is carried to its extreme limit as in Pterotrachea, it is accompanied
by a reduction or disappearance of the mantle and visceral sac and
opisthobranchialism. In the least specialised Opisthobranchs and
Pulmonates the detorison is not complete, and the pallial aperture is

carried only to the right side (Figs. 148, 67) ; but in the most specialised

Philiue apertu, ventral aspect, a, anus
;

/, loot; g, gill; gl.f, j;landular fossa; tj.o,

genital orifice (seen tlirongh the foot) ; k.o,

renal pore ; os, osphradinm
;

jia, inferior

pallial l<ibe. (After Guiart.)

Fig. 50.

Onci'Uclla jiateUoidcs, ventral aspect, an,
anus

; 3/, tentacular gland ; 0, mouth ; o.f,

female orifice ; o.m, male orifice; p, foot; i>a,

mantle
;
pns, pulmonary oritice ; si.p, lateral

groove; te, tentacle.

forms the anus and the pallial cavity (if the latter is retained) are

moved back to the posterior extremity of the body, as in PJiiline

(Fig. 58), Apli/sia (Fig. 1 54), Doridomorpha (Fig. 79), and many other

Nudibranchs, such as Janus, Aldeiin., Limapontia, and C'e7iia ; and
among Pulmonates in Testacella, Vaginula (Fig. 179), and Oncidium

(Fig. 59). In tliis manner a secondary external symmetry is re-

established. The detorsion of the organism is conq^lete in the

Tectibranch Cavoliniidae ("straight Thecosomatous Pteropods "), in

which one may recognise a torsion of 180' in a direction opposite

and ecpial to that of the original torsion, the result of which is that

the genitid duct is twisted round the alimentary canal and the

])a]lial cavity is shifted to the ventral surface (Fig. 60). It should
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be noted that in those Euthyneura which are detorted in the adult

condition, the primitive torsion is manifest in the course of develop-

ment, and in the larvae the pallial canity is anterior and dorsal, the

anus anterior, just as is the

case in an adult Streptoneura

(Fig. 61).

The pallial cavity normally

contains the apertures of the

anus and the renal ducts ; and,

as it also contains the ctenidial

branchiae, together with their

sensory organ, the osphradium,

it constitutes the respiratory

cavity. There is, in addition,

between each branchia and the

rectum a more or less dif-

ferentiated glandular region

known as the Itypohranchial

gland or pallial mucous gland

(Figs. 75 and 85), which is

characteristic of aquatic species.

Two such glands are found,

Fio. CO.

Clio striata, renioved from its shell, with
the head above, riglit-side view, n, anus;
a.g.g, accessory genital glands

; /, foot (pos-
terior lobe); Ji, left (in (the right one is

cut away); <jg, gonad; h, lieart ; h.o, her-
niaphroflite orifice ; k, kidney ; H, liver ; m,
mouth

; m.o, male orilice ; m.p, mastica-
tory stomachal plate; n.s, central nervous
system ; oe, ocscipliaj^us

;
jxi.c, pallial cavity

;

V'rt.y, pallial Kl.'ind ; ^ic, jienis ; s/n, sperm-
oviduct ; st, stomach and bile-duct ; t, right
tentacle.

Fig. 61.

Veliger of EoHs (Galvina) pictn,

^entral view, n, anus ; e, right
eye; /, foot; in, intestine; k,

kidney ; l.li, left liver lobe ; to,

mouth ; op, opennilum ; ot, right
otocyst ; pn.c, pallial cavity ; r.ti,

right liver lobe ; r.viu, retractor
muscle ; st, stomach ; ve, velum.

one on either side of the rectum, in various iJhipidoglossa, such as
Pkuroiommia (Fig. 127), Haliotis, Turbo, etc., but only one, namely,
that of the left side, in the majority of aquatic Gastropods with a
well -developed mantle. This glandular organ becomes median
and nearly symmetrical in

Cymbuliidae.
the Cavoliniidae (Fig. GO) and the
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The pallial cavity is largely open in the Streptoneura ; its orifice

is narrower in the Tectibranchs (Fig. 148, IV), and is much reduced

in the Pulmonates (Figs. 67 and 177), as the result of the almost

complete fusion of the mantle border with the neck.

The mantle border projects somewhat beyond the shell that

covers it, and may be furnished with little tentacles, with glands

and pigment spots. The border is not continuous in the most

archaic forms, but presents in the median line, or at a neighbouring

point morphologically equivalent to the median line, a more or less

deep longitudinal slit, as may be seen in the Pleurotomariidae (Figs.

54, 127, and 128), in Emarginula, and Scutum. This slit corresponds

in position with the extremity of the rectum, and admits of a more

rapid expulsion of the excrements and the respiratory fluid. The

edges of the slit may fuse together at one or more points, leaving

one or more orifices in the mantle and in the shell on the dorsal

side of the pallial cavity (Fig. 62), as in Fissurella, Pundurella, and

Haliotis. An analogous slit is also present in Siliquaria and Pleuro-

toma. In the female Vcrmetus

there is a median slit in the ^f
border of the mantle (Fig. /\_ v •|^ ^u

45), but no corresponding

fissure in the shell ; in this

tc±

Pig. 62.

Schismope lacunifoiinis, seen

from the umbilicus, a, aperture

of the shell ; /, foramen ; u,

umbilicus. (After Watson.)

Fig. 03.

Limantia antarctica, removed from its

sliell, dorsal aspect, au, auricle ; gl.pa,

pallial gland ; go.se, seminal groove ; na,
riylit tin ; pa, mantle ; r, kidney ; te.d, right
tentacle ; te.y, left tentacle ; iv, ventricle

of heart.

case the mantle slit admits of the fixation of the eggs to the

internal wall of the shell, to which they remain attached up to the

time of hatching.

At the left or anterior corner of the pallial aperture the mantle

edge is often produced into a tube with a ventral slit (Fig. 99, XV)

;

this tube or siphon serves to admit Avater into the pallial cavity.

A siphon exists only in specialised Streptoneura ; it is but slightly

developed in the Cerithiidae, is rather larger in the Strombidae

(FW. 75, si), and attains its greatest dimensions in the Cassididae and

Doliidae and in all the Ilacliiglossa and Toxiglossa. In the Volu-

tidao the siphon is furnished with an internal appendage. Ampul-

luria also possesses a long siphon, which may serve either for
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pulmonary or for branchial respiration. On the right side of the

pallial opening the mantle border sometimes bears a tentacle, as in

Valvata (Fig. 132), Olica, Sfromhus, Accra, and Gasfrojiteron. In

.Idi'orhis there are two such tentacles (Fig. 133). In many Tecti-

branchs the mantle edge at the right side of the pallial opening

bears a large inferior pallial lohe (Fig. 148, I), which forms the
'' balancer" in the Thecosomata. This lobe is also found in the

basommatophorous or aquatic Pulmonates, and in some species of

this group it is converted into a pallial branchia (Figs. 89 and 175).

The dorsal surface of the mantle secretes a shell, formed of a

>ingle piece, which necessarily reproduces the form of the mantle,

or rather of the visceral sac contained in the mantle. As the

visceral sac is always coiled (even in forms with conical shells like

the Patellidae and Fissurellidae and in the various Gastropods which

are naked when adult the visceral sac is coiled during develop-

ment), it follows that the shell is also coiled. The curvatiire of the

coil, or conchospiral, is, generally speaking, a logarithmic spiral.

The spire, that is to say, the totality of the whorls, with the excep-

tion of the last formed, may be excessively proiiunent, as, for

example, Terebra, Turritella, Tarhonilla, certain Cerithiidae, etc., or

may exhibit every possible disposition, until the prominence dis-

appears and the shell becomes discoidal as in Planorbis, Atlanta

(Fig. 141), etc.

The various whorls of the spire are normally contiguous, but

it occasionally happens that, after a certain number of turns, the

visceral mass and the shell appear to unroll more or less completely,

and to continue their course either in a much looser spiral or in a

slightly curved line, or even in a nearly straight line {Vermdus,

Fig. 45, Magilus, C'l/rlosurus, Caecum, Fig. 68). The extremity of

the last whorl may also form a certain angle with the direction of

the preceding whorls, as, for example, in certain helicomorphous

Pulmonates (Anostonm).

The coil, commencing from the initial point of formation or

summit, is dextral when the shell, held with the summit towards

the observer, has the mouth or aperture below and to the right.

It is sinistral when, under the same conditions, the aperture is to

the left. Dextral shells are much more common than sinistral.

This direction of the coil, when it is not obscured by " hypcr-

strophy," is conformable with that of the asymmetry of the organ-

isation ; that is to say, a sinistral coil corresponds completely to the

situs inversus visceruin of a dextral Gastropod. This situs inversus

may be seen in the genera Triforix, Laenwchlis, Actaeonia, Blaxmeria,

t'lausilifi, I'liiim ; in certain species of the genera Fulgur, Keptunea,

Bidimulus, IMicter, Vertigo, Ariophanta (Nanina), Ancylus, Diplom-

inatina ; and in some teratological individuals of Buccinum undatum,

Liitorina littorea, Neptunea antiqua, Limnea stagnalis (in which the

6
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monstrosity has been sometimes fixed by heredity), lklij\ Avion, and
various other Puhnonates. There are, however, forms in which the

coil is hyperstrophic : in this case the whorls which form the spire

are very slightly prominent ; the spire becomes flatter and flatter,

and finally becomes concave and is transformed into a false umbilicus.

At the same time the part corresponding to the umbilicus (the

cavity opposite to the spire) of normally coiled forms becomes

prominent and constitutes a false spire. The coil then appears to

be sinistral, although the asymmetry of the organisation remains

dextral, as, for example, in Lanistes and the coiled thecosomatous

Pteropods, in which the opercular spiral follows the same direction

as the apparent spire of the shell (Fig. 49) ; or reciprocally in

Planorhis, especially in individuals which are scalariform or terato-

logically unrolled, such as Choanomphalus and Pompholy?^ (Fig- 64).

Finally, it may sometimes be observed that the spiral in which the

coil is formed insensibly changes its nature or its apparent direction

after the first larval whorls are completed. This is the pheno-

Fio. 04.

Passage from a siiiisti'al ortliostrophic form (o) to a pseudo-dextral hyperstrophic one (6)

;

tlie heart is imlicated in black, in order to show the constancy of the sinistral organisation.

(After J. W. Taylor.)

menon of heterostrophy, in which the spiral from being negative

eventually becomes positive ; that is to say, the coil that was at

first hyperstrophic becomes finally orthostrophic. Examples of

this phenomenon are Solarium (the larval shell of which has been

called Agadiiia), Mathilda, the Pyramidellidae (Fig. 65), Melamims,

and various Bullidae.

The line along which two successive whorls of the shells cease

to be in contact with one another is the " suture." The portion of

the shell separating the successive whorls of the visceral spire may
be resorbed in certain cases (many Auriculidae, some Neritidae,

Cjipraea, Olivella, etc.), resulting in the concrescence of the whorls

of the visceral sac, or even in the suppression of its coils, as may
be seen in several species of the genus Auricula (Fig. 67). On
the other hand, the animal may desert the first whorls of the coiled

shell, and cut itself from them by the formation of a transverse

partition or septum : this oi)eration may, in ceruxin cases, be

repeated several times, e.g. J'crmcfus, Turritella, Caecum (Fig. 68),

Truacafella, Triton (Fig. 66), Cuvienna, etc. In the families

Cvlindrellidae, Stenogyridae (Bumina decollata), and Pupidac, and
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in the genera Truncatella, Cerifhidra, Coprum, and Cuvierina, the

portion of the shell beyond the septum may be truncated and lost,

or the first whorls may be filled up by a calcareous deposit as in

Magihis. In the conical shell of various Cajjulidae (Taenioglossa),

Zeidora, and Se] ifaria (Rhipido-

glossa) and Lafia (Basommato- Jo A
phora) there is an inconiplete

internal septum, corresponding

to the interior margin of the

aperture, which has become

I'IG. G(').

Sfction of the shell of Tntnn. n, aper
;

<i.c, anterior canal (or siphon) of the aperture
of the shell (a.c to p.c, aperture of the shell)

;

j'.i% posterior canal of the aperture ; .•-,

sutures of the whorls ; n\ whorls of the
shell ; occupying' the axis, and exposed bj-

the section, is seen the " columella" or
spiral pillar. The upper whorls of the
shells are seen to be divided into separate
chaml)ers by the formation of successively
fonned "septa." (From Lankester, alter
Owen.)

Fic. 65.

Odostomia dipsycha. A, the entire shell,

seen from the aperture side ; li, the hetero-
strophic apex, more magnified. (After
Watson. )-

Vki. 07.

Avrkula (Alexia) Idtkntuta, removed
from its shell, ventral aspect. /, foot ; in,
intestine; k, kidney; l.p. labial palp; m,
mouth ; mjjl, pallial gland opening into the
]>allial cavity; jm, mantle; p.n, pneumo-
slome or pulmonary orilice ; te, posterior
tentacle; tc, rudimentary anterior tentacle

;

i-i.m, visceral mass, whose different whorls
are fused together.

prominent. In certain genera this septum is folded into the shape
of a trumpet, the cavity of which afibrds a lodgment for a pro-

jection of the posterior part of the foot (Criicibuluiii, Fig. G9). In

the last whorl of the shtdl of Clausilia there is an accessory piece,

the clausilium, attached to the columeliar axis by an elastic

support : this piece closes the mouth of the shell when the animal
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is retracted, but is pushed back against the axis when the animal

is extended.

The Gastropods are attached to their shells by the columellar

muscle (Fig. 45, m), and withdraAv themselves into their shells by its

Fig. 08.
>^/v

' Caecum. .-J, entire slu'll, left-side view, o, apftrture ; .«c, sejita : sp, spire. (After de Folin.)

B, animal with truncated shell, c, eye; /, foot; m, mouth; op, oiiereulum: sp, septum; te,

tentacle. (After Plate.)

contraction. This muscle is symmetrical and horseshoe-shaped in

species with conical shells (Patella, Septaria, Capulus, etc.), but in

other species it is asymmetrical. It is oval in Haliotis, and its

insertion on the columella is nearly linear in coiled forms. The

Shell of Crurihuhvm, seen from below, showing
the inner whorl b, concealed by the cap-like outer
whorl, ((. (From Lankester.)

Fio. 70.

Cypraea europnea, dorsal
view, X 3. /, foot ; ma,
mantle ; sh, .shell ; si,

pallial siphon ; t, tentacle.

l)0\vcr of this muscle is often considerable : in ratclla cidgata it can

resist a traction of fifteen kilograms. The columellar muscle is

naturally absent in forms witliout shells (Nudibianchs, OncuUum,

Faf/inula), but is present in Tesiucella.

3. Origin of Nalced Forms.—In many cases the liorders of the
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mantle are reflected over the shell and cover a greater or less part

of its external surface. This condition is found in various Fissurel-

lidae (FissureUidea), in Marsenina, in many Cypraeidae (Fig. 70) and

Marginellidae, in Fi/ruJa (Fig. 71), Aphjsia (Fig. 1.54), many Bullidae,

and various Pulmonates, such as Fitrina, Parmarion, Hcmphilut,

Hornaloni/x, Amphipeplea, etc. The portion of the internal surface of

the mantle that has thus become external may bear more or less well-

developed and ramified appendages (C'l/praca), and the other surface

of the reflected mantle may sometimes secrete an external coating

of enamel over the portion of the shell to which it is applied. The
borders of the mantle, extending more and more over the shell,

may finally meet, unite, and thus form a closed sac containing the

Aniinal and shell of Pyrula laevigata, seen from above, o, siphon ; h, head-tentacle-s ; C,

head ; d, foot, expanded as in crawling; h, the mantle-skirt reflected over the sides of the
shell. (From Lankester, after Owen.)

shell, which, together with the visceral sac contained in it, suffers

a diminution, or even an almost complete disappearance, of its

spiral form, so that the animal appears to be quite naked. This

condition may be seen in Pvpilia among the Fissurellidae, in the

majority of the Lamellariidae, in Fusfularia among the Cypraeidae,

in many Tectibranchs, such as A'olarrhus, Doridiiim, Gastrcppteron,

Fhiline, Fkurohranchus, and in sundry limaciform Pulmonates. In

some cases the shell-sac remains in communication with the exterior

by means of a fine ciliated canal, situated at the posterior end of

the body {Philine, Doridixun). In the Tectibranchs the internal

shell is often very .slightly calcified, and at the same time the

pallial cavity becomes more and more reduced. Finally, the shell

and the shell-cavity disappear, leaving the mantle absolutely naked
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and without a spiral coil. At the same time there is a return to a

secondary external symmetry. This phenomenon may be seen in

the Titiscaniidae, Pterotrncliea (Fig. 143), Buncina, Phyllaplymi, the

gymnosomatous " Pteropods " (Fig. 84), the Cymbuliidae (Fig. 151),

PleurohranclLaea (Fig. 157), the Nudibranchs (Figs. 160, 161, etc.),

the Philomycidae, the Oncidiidae (Fig. 59), and the Vaginulidae

(Fig. 179). In these cases, excepting Cenia and litmcma, the shell

exists only during development, and falls off at the close of larval

life. As a rule, the pallial cavity is reduced at the same time

(Pferofrachea, Pleurohranchaea, Gasfrojyferon), or it may disappear

together with the ctenidium, and the external surface of the dorsal

visceral envelope may give rise to various appendages such as the

cerata or dorsal " branchial " papillae of Nudibranchs (Fig. 160, A, r)

and the terminal branchia of the Gymnosomata (Fig. 84, YII). In

one instance in which the larval shell is caducous a second per-

sistent shell is formed, covered by the mantle : such is the case in

LameUnria, whose primary shell is covered Avith spines, and was for-

merly believed to belong to another animal to which the name of

Echinospira was given.

In parasitic Gastropods the naked condition of the adult is the

result of an essentially similar process, but the shell is covered over

by a cephalic expansion known as the " pseudopallium " (Fig. 2Q,p)s).

Finally, the nudity of certain " Heteropods " (Pterotracheidae) is

due to the progressive reduction of the visceral sac and the dis-

appearance of the mantle. In many Gastropods that are naked in

the adult condition calcareous spicules of some size are developed

in the sub-epithelial conjunctive tissue of the mantle, e.g. in the

Pleurobranchidae and in Doridomorpha, the Hedylidae among the

Nudibranchs. In the Cymbuliidae (Fig. 151, II) the sub-epithelial

connective tissue gives rise to a pseuclo-conch.

11. Anatomy.

1. The Alimentary Canal.—This comprises, in the various forms

of Gastropods, a buccal cavity connected bj'^ the oesophagus with a

stomachal cavity, and an intestine properly so-called, the last-named

being tolerably long and coiled. The buccal cavity and the

oesophagus are of ectodermic origin, and taken together form

the fore gut. The buccal cavity normally opens at the extremity

of the head, which generally has the form of a cylindrical snout

slightly inflected towards the ventral surface (Fig. 130, YI). In

mauy cases, however, the opening of the buccal cavity is carried

backward by the development of an invagination of the pre-oral

integuments, and thus an apparent mouth is formed which is not

morphologically equivalent to the true mouth, the latter being

carried to the anterior extremity only by an evagination of the
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tegumentary ingrowth, which in this manner gives rise to a

proboscis. When this extensible proboscis is cvaginated the

oesophagus forms its interior lining ; when it is invaginated the

oesophagus forms its posterior continuation. Such is the pleurec-

Fio. 72.

Diagrams explanatory of the nature of so-called proboscidi's or "introverts." A, simple
introvert conijiletely introvertiiJ. B, the same, i)artially everted by eveision of the sides, as in

the Xeniertine proboscis and Gastropod eye-tentacle = pleurecbolic. (', the same, fully everted.
D, K, a similar simple introvert in course of eversion by the forward movement, not of its sides,

butof its apex, as in the proboscidean Khabdocoels = acrecbolic. t\ acrecbnlic( = pleurembolic)
introvert, formed by the snout of the proboscidiferous Gastropod, al, alimentary canal ; il,

the true mouth. The introvert is not a simple one with complete range both in eversion and
introversion, but is arrested in introversion by the fibrous bands at c, and similarly in eversion
by the fibrous bands at h. G, the acrecbolic snout of a proboscidiferous Gastrojwd, arrested
.short of complete eversion by the fibrous band h. If, the acrembolic ( = i)Ieurecbolic) pharynx
of a Chaetopod fully introverted, al, alimentary canal ; at (/, the jaws; at a, the mouth;
then-fore a to d is stomodaeum, wherea.s in the Gastropod (F) a to il is inverted body surface.

/, partial eversion of //. A', complete eversion of //. (After Lankester.)

bolic proboscis of Kay Lankester (Fig. 72) found in the Cypraeidae,

Naticidae, Lamcllariidae, Scalariidae, Vcrmetus, the Capulidae,

Calyptraeidae, Strombidae, and Chenopodidae among the Strep-

toneura, and in some Opisthobranchs, viz. Duridimn, the Pleuro-

branchidae, Aphjsia, the Gymnosomata, and the Doridopsidae. In

other cases the proboscis cannot be wholly retracted, and then the
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wall of the digestive tube is folded twice on itself during invagina-

tion. This is the pleurembolic iDroboscis of Ray Lankester (Fig. 72)

found in the Rachiglossa (Fig. 99, XIII), in certain Toxiglossa, and in

the Doliidae, Cassididae, and Tritonidae among the proboscidiferous

Taenioglossa. In the Naticidae there is a glandular disc on the

ventral face of the proboscis which serves to perforate the shells

of the Lamellibranchs on which they feed, and in the Pneumo-
dermatidae there are suckers in the same position situated on two
retractile lobes and either isolated or united to one another.

The mouth leads into the buccal or pharyngeal cavitj', which is

the first of the principal dilatations of the digestive tract. The
salivary glands open into it, and the chitinous masticatory sclerites

are attached to its walls. The whole, together Avith the muscular

masses Avhich actuate the masticatory apparatus, forms the buccal

bulb or pharynx (Fig. 74, A), situated behind the oesophageal nerve-

collar in the more archaic species, but in front of it in the more
specialised Gastropoda (Fig. 14G). In some carnivorous forms,

such as Glandina and TestaccUa, the pharynx may be more or less

completely evaginated, forming a false pleurecbolic proboscis. The
chitinous buccal sclerites are of two kinds, mandibular and radular.

(1) The mandibles are solid cuticular thickenings situated at the

anterior end of the buccal cavity. In the majority of Streptoneura

and Opisthobranchs they are paired, the members of the pair being

lateral and symmetrical (Fig. 73, A) ; they are smooth or scaly,

generally Avith trenchant, but sometimes with denticulated margins.

These paired mandibles are usually quite separate from one another,

but in the Naticidae they are in contact dorsally, and in Lamellaria

they are clearly fused together on the dorsal side to form a single

piece. Similarly there is only a single median mandible formed by
the fusion of two symmetrical pieces in the Patellidae, in Aegirus

(Doridomorpha, Fig. 73, B), and in

all the Pulmonates. This median
mandible is doi'sal, its lower or free

lioi'der is' trenchant, nearly horizontal,

and frequently provided Avith a median
projection. Two lateral and sym-
metrical accessor}' cuticular thicken-

ings are found in the majority of

the basommatophorous Pulmonates
(Limnaea, Flanorbis, etc.). In cer-

tain Aplysiomorpha in which the

mandibles are ventral there is a patch of horny spines on the

roof of the buccal cavity {A^ofarcJiUf<), and in certain cases these are

divided into two symmetrical groups enclosed in diverticula, which
have the form of cvaginable sacs (Gymnosomata). In the Rachi-

glossa the mandibles are rudimentary, and they are absent in many

Fio. 73.

JIamlililes of Gastropoda. A, paired
lateral mandibles of Janus; B, dorsal
mandible of Acrjirus. (After Hancock.)
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Trochidae, in Ncritina, in the Helicinidae, in Ci/closfoma, in Thyca, in

the PjTamidellidae, Eulimidae, Entoconchidae, and Coralliophilidae,

in all the Toxiglossa, in the Heteropods, in Adaeon, Tornatina,

Scaphander, Doridium, the Lophocercidac, Ci/mbnliopsis, Gleba, Clionc,

Umbrella, Doris, the porostomatous Doridomorpha, Tethys, the

Elysiae, Gadinia, Amphihola, the Testacellidae, etc.

(2) The radula is a sort of ribbon of greater or less width, formed

of distinct and separate cliitinous teeth, borne on a single supporting

membrane. It is secreted in a ventral caecum (Fig. 74, A, n), in which

it is almost wholly contained, but its anterior extremity stretches

out on the floor of the buccal cavity, where it forms a median

projection (Fig. 74, A, p). The radular ribbon is supported by a

system of paired cartilaginous pieces furnished with protractor and

retractor muscles (Fig. 74, A, I, m), the action of which causes the

radula to move to and fro and Avork like a rasp on the prey seized by

the animal. The teeth are secreted at the bottom of the caecum or

sheath of the radula, by a small number of matrix cells ; in front of

these is a transverse row of cells which secrete the basal membrane.

The teeth are disposed in transverse rows, and in each row there is

a median tooth called the " central " or rachidian tooth, on either

side of which the remaining teeth of the row are symmetrically

disposed. In the Euthyneura all the lateral teeth are generally

similar to one another (Fig. 14.5), but in the Streptoneura, when
there is more than one tooth on either side, they ate divided into two

clearly defined groups. The teeth nearest to the central are the

" laterals," properly so-called, and dift'er from the more elongated

external teeth, which are known as the " marginals " or uncini (Fig.

2, m). The number of teeth in any given transverse row is

constant in any given species ; it may, however, increase slightly

with age, at any rate in various Aplysiidae and in the terrestrial

Pulmonates. On the other hand, the number of teeth is variable

from group to group, and generally is more considerable in the less

specialised than in the more specialised groups. Thus, in the

Streptoneura the Khipidoglossa have nimierous lateral teeth on

either side of the central ; the Taenioglossa have only three lateral

teeth on either side, the Kachiglossa only one. Among the

Opisthobranchs many teeth are included in each transverse row

in Artaeon and the IMeurobranchidae, but there are only three in

the thecosomatous " Ptcropods " and only one in the Elysiae. The
number of successive transverse rows also varies from species to

species, and consequently the total number of teeth in the radula

is very different in different forms. There are sixteen (one tooth

in each row) in certain Eolidae and Elysiae ; about two hundred and

fifty in Buccimim undatnm; 1920 in Patella vulr/ata ; 3500 in

Littorina lithrea ; 6000 in Doris tuhercidata ; 8.343 in Limnaea

stagncdis; 15,000 in Helix aspersa ; 26,800 in Limao: maximus

;
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Radulae of various glossophorous MoUusca. A, diagram showing mouth, oesophagus, and
lingual apparatus of a Gastropod in median sagittal section, a.l, lower lip ; a. i(, upper lip ; h,

jaw of tlie left side ; c, outer surface of the snout ; <l, oesoi)hagus ; e, fold in the wall nf the

oesophagus behind the radular sac («) ; /, anterior termination of the radula and its bed, the

point at which it wears away ; f/, base of the radular sac or recess of the pharj'nx ; h, cartila-

ginous piece developed in the iloor of the pharynx beneath the radula, and serving for the

attachiuent of numerous muscles, and for the support of the radula ; i, anterior muscles ; k,

posterior muscles attached to the cartilage ; /, muscle acting as a retractor of the buccal mass ;

'in, muscle attached to the lower lip ; n, posterior extremity of the radular sac ; o, the bed of

the radula or layer of cells by which its lower surface is formed ; ;>, the radula or lingual

ribbon ; 7, opening of the radular sac into the pharj-nx or buccal cavity ; r, cells at the extreme
end of the inner surface of the radular sac which produce, as a cuticular secretion, the rows of

teeth of the upper surface of the radula.

IS, radula or lingual ribbon of J'aluOinn vivipara, stripped from its bed.

C, a single row of teeth from the radula of Trochiis cinerarins (Khipidoglossate); formula :

cc.5.1.5. 03.

/), a single row of teeth from the radula of lanthina fragilis (Stenoglossate) ; formula:
oo . 0. CO

.

E, a single row of teeth from the radula of Trachiiili'rmon ciucreiim (Auiphineura) ; formula :

3.1.2.1.1.1.1.1.2.1.3.

F, a single row of teeth from the radula of Patella viilgata (Docoglossate); fornmla :

3.1.2.0.2.1.8.

a, a single row of teeth from the radula of Cypraca helvola (Taenioglossate) ; formula

:

2.1.1.1.2.

//, a single row of teeth from the radula of Xo<sa aniinlaUi (Rachiglossate) ; formula:

1.1.1. The common Whelk is similar to this.

90
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36,000 ill Trilonui huniheriji ; 40,000 in Hclu: (jhieslrechti ; 75,000

in Susania tuberculata ; and as many as 750,000 in Umhrdla. It

follows that tlie length of the radular ribbon varies very much ; it

is considerable in Ci/dostoma and Patella (Fig. 88, r), in which it

exceeds the length of the bod}'-, and in the Littorinidae, in which

it is coiled into a spiral so as to occupy less room ; in one species,

TectariuS; it attains to seven times the length of the body.

The form of the teeth is also constant in a given species, but

varies from group to group, and is therefore, when taken in

conjunction with their number, of considerable assistance in

characterising the divisions of the Gastropoda, especially of the

Streptoneura ; hence the importance of the radula in systematic

works. But occasional!}^ the radula may vary in the individuals of

the same species, as, for exam2)le, in the Buccinidae ; and, on the

other hand, groups tolerably far apart from one another may
exhibit analogous features in the radular teeth. Further, it has

been shown that the number of teeth in a transverse row varies in

all the groups founded upon this character. Among the Taenio-

glossa, in which the radular formula is 2. 1.1.1.2, the two marginals

are absent in Lamellaria and Jefjrcijda ; and contrariwise, there are

more than two marginal teeth in certain species of Turritella, in

Struthiolaria, and Trifuris. A still larger number of teeth, but no

median tooth, is found in Solarium, Scalaria, and Janthina. In the

Eachiglossa, characterised by the formula 1.1.1, the central tooth

is reduced in Columbella, and the laterals absent in the Marginellidae

and in certain Volutidae and Mitridae, and in the young Harpa, the

adult in the last-named genus being devoid of a radula. Finally,

although the radular formula of the Tuxiglossa is given as 1.0.1,

there is a central tooth, and more than one lateral in sundry Pleuro-

iox!aaX\(}ine {Spirotropis: 1.1.1.1.1). The radula is absent in a few

genera only, and those are generally parasitic or suctorial forms,

such as Tlu/ca, the Eulimidae, Pyramidellidae, Coralliophyllidae, and
certain Terehra among the Streptoneura, and in the Tornatinidae,

Cijmhuliojms, Gleha, the Doridiidae (in which a vestige of the radular

caecum is still retained), the porostomatous Doridomorpha {Dori-

dojjsis, Coramhe, Fig. 164, PJujUidea), and the Tethyidae.

The buccal opening of Gastropods is furnished with glands,

often in considerable quantity (Bullidae, Xudibranchs), and in many
stylommatophorous or terrestrial Pulmonates these glands are

so highly developed as to form loltulated masses known as the
" organs of Semper." But in all Gastropods, Avith very rare excep-

tions, the salivary glands proper open into the interior of the buccal

cavity on either side of the radula. These organs are generally

simple mticous glands, without any digestive action, but in certain

forms

—

Dolinm (jnlea is an instance—their secretion contains as

much as 4 per cent of sulphuric acid, which serves to dissolve the
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calcareous spicules of the animals taken as food. In the aspido-

branchiate Streptoneura and in many other Gastropods the salivary

glands are racemose in structure, but in more specialised genera

they have the form of more or less elongated tubes {Janthina) or of

sacs {Dolium). In the Aspidobranchs, Ampullaria, and the Actaeo-

nidae (Fig. 57) the salivary ducts are very short and open behind

the perioesophageal nerve-collar, but the glands traverse the nerve-

collar, and their ducts are long and open in front of it in tlie

majority of Gastropods. This is the case in all the Euthyneura

—

the salivary glands being situated very far back in the Pleuro-

brancheae—and in the Taenioglossa, with the exception of Natica.,

certain species of Calpptraea, etc., in which the ducts are too short

to traverse the nerve-collar. Finally, in the Stenoglossa and

Heteropoda the salivary glands open in front of, but do not

traverse the perioesophageal nerve-collar, their ducts, if the}^ are

sufficiently long to reach it, passing outside the structure. In

certain forms, e.g. FuJgiir, Conus, many Terebra, UmhreUa, several

Pulmonates, etc., the two salivary glands appear to be fused, but

retain their individuality. In some siphonate probosciferous

Taenioglossa, such as Dolium, Cassis, Triton, Voliita, and also in

Fleurobranchaea, the salivary ducts bear a dilatation near their

extremities. The two glands exhibit a certain degree of asymmetry
in Sfromhus, Xenophorus, and some species of Atlanta. In several

cases there is more than one pair of salivary glands ; the Docoglossa

possess two pairs, with distinct and separate ducts. In Janthina

and Scalaria there are two pairs of glancls, lying close together and
appearing to be formed by the bifurcation of a single pair. There
are also two separate pairs—the second pair being ventral and
anterior to the normal pair— in various Eachiglossa, Purpura,

Trophon, Vohita, Cancellariidae, and Haliidae ; with the exception

of the Muricidae this second pair is anterior to the perioesophageal

nerve-collar, and its ducts are often fused in the median line.

Many probosciferous Opisthobranchs also have more than two
salivary glands : in the porostomatous Doridomori^ha {Doridopsis,

Phyllidiidae) the second pair is ventral and anterior, with a single

duct ; in Flcurohranchaea and Pleurohranckus there is a third dorsal

and median gland.

The buccal cavity is followed by an oesophagus, with plicated

walls. This oesophagus is generally long, and often presents dila-

tations on its course, which may be described under one or any
other of the following headings:—(1) A sort of simple pouch with

thin walls, as in the Heteropods (Figs. 141 and 142, ///) and certain

Opisthobranchs and Pulmonates, or sometimes a muscular swelling,

as in Jlfurcr, Amplnhola, Doris, etc. (2) In the mnjorit}' of the

Aspidobranchs there are, as in the Chitonidae, paired anterioi'

glandular oesophageal pouches, with ]\ipillated internal walls.
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These organs also recur in Liltorina. (3) An unpaired folded

dilatation near the middle of the oesophagus is found in various

carnivorous Taenioglossa, e.g. the Naticidae, Lamellariidae, and
Cypraeidae ; in the last named it is well developed and has

a lamellate internal wall. In the same position in the Cassididae

there is a pouch separated from the oesophagus and opening into

it by a slit. (4) In all the Taenioglossa, with the exception of

Cancellaria, the Harpidae, and some si)ecies of Tenhra, an important

oesophageal gland, known as the "gland of Leiblein," opens into

the middle of the oesophagus. Slightly developed in the Olividae

and Fasciolariidae, this organ appears under diverse forms : it is

a thick glandular mass in Murex, a long caecum with thin walls

in Buccimtm, and in Toxiglossa it forms the so-called " poison

gland," whose duct traverses the perioesophageal nerve -collar,

as in Voluta, and opens into the buccal cavity, giving the Avhole

structure the appearance of a third salivary gland. In Halia

and Manjinella this organ forms a siphon opening into the oeso-

phagus by its two extremities. (5) In Nerita there is also an

unpaired oesophageal gland, and among the Opisthobranchs one

finds an azA'gous dorsal pouch in some BuUomorpha, an oesophageal

caecum in the Elysiomorpha, and a long glandular appendage in

the Lophocercidae.

The terminal part of the oesophagus sometimes presents modifi-

cations which produce an apparent modification of the configuration

of the stomach following immediately after. This terminal portion

is differentiated to form a gizzard with thick muscular Avails and
furnished internally Avith masticatory teeth or plates. The last

named are variable in number, and may be simply chitinous

and pointed or calcified and flattened. This arrangement is found

in a large number of Opisthobranchs, viz. in the majority of BuUo-
morpha (Fig. 76, m.p), including the " Pteropoda Thecosomata"
(Fig. 60, m.p), in Aarious Aplysiomorpha, and in certain Nudi-

branchia Tritonomorpha (Marionut, ScijUaea, Melihe). The muscular

girdle of this gizzard is also recognisable in a certain number of

basommatophorous Pulmonates, viz. Ampliihola, Auricula, and in

Limnaea it is differentiated to form tAvo globular and symmetrical

muscular projections. In consequence of the proximity of the

specialised portions of the terminal part of the oesophagus to the

stomach, the latter appears, in certain cases, to.be divided into

several successive portions separated by constrictions, notably in

Aph/sin, and also in .ImpJiihnla and Limmim, in which the oesophagus

exhibits an ampulliform dilatation in front of the gizzard.

The stomach proper consists of a simple enlargement of the

digestive canal, and its walls are normally and fairly consistently

thin, especially in the Streptoneura. The internal Avail of the

stomach, hoAvever, may frequently be lined by a more or less thick
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and extensive cuticle, Avliich is generally more fully developed near

the origin of the intestine, and may extend into it, as in PaJudlnu,

Cydostoinii, and certain Pulmonates. Sometimes this lining presents

a specialisation in the form of a longer or shorter cuticular projec-

tion known as the crystalline style, which may be lodged in a thick-

walled caecum or may project as a rod into the proximal part of

I'ternceras, riglit-siile view of the male, with tlie inaiitlp laid open, a, anus ; h.d, bile-duct

;

r.r/, cerebral ganglion ; cr.g, crystalline style ; /, loot ; g, gill ; fj.g, gonad ; g.o, genital orifice ; h,

lieart ; hi/.g, hypobrancliial gland ; i.g, infra-intestinal gland ; in, intestine : I; kidney ; m,

month ; iie, oesophagus ; oj), operculum
; p, penis ; pa, mantle ; p.g, pedal ganglion ; jil.g, plural

"•anglion ; ra, radula ; ?\o, renal orilice ; r.p, reno-pericardial orilice ; s.;/, supra-intestinal gan-

glion ; si, siphon ; s.gr, seminal groove ; st, stomach ; t, tentacle. (After F. M. Woodward.)

the intestine. This structure is found in various Docoglossa,

temporarily at least in Fissurella, in Trochus, in numerous Hydro-

biidae such as IJilhynio, LUlioglypJnts, Spekeia, Tanganyicia (Fig. 78,fr.M),

etc., in the JMelaniidac and allied forms such as Paramelania, Nas-

sopsis, TypJdobia, etc., and in Pferorcras (Fig. 75, cr.s) among the Strom-

bidae. In many cases the stomach is furnished with a caecum,

generally pyloric in position and contiguous to the openings of the

hepatic ducts. This caecum is coiled in a spiral in many Khipido-
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glossa, viz. in Pleuroto)iiaria (Fig. \21,sp.c), Ilaliotis, the Turbinidae,

etc., and in Xassopsis and Clii/tra (which, according to Moore, possess

both the spiral caecum and the style-sac), but is simple and straight

in Ampidlaria, a large numljcr of Opisthobranchia, the Limacinidae,

the majority of the Cavoliniidae, Aphjsia, several Doridomorpha (in

which it is rugose internally, and has incorrectly been descril)ed as

a " pancreas "), and finally in a number of Basommatophora, the

Limnaeidae, and various Planorbidae.

The licer or digestive gland constitutes the essential organ of

digestion. It more or less completely surrounds the stomach, and is

divided into lobes, the number
and form of which vary in

Fic. vc.

I'hiline aperta, dorsal aspect ; the body-wall is

supposed to lie traiisiKtreiit. a, anus ; u.g, ab-

dominal ganglion ; c.(j, cerebral ganglion ; c.A,

cephalic hood ; ;;, gill ; g.o, genital (lierniaphroditic)

oritice ;
gz, gizzard; h, heart; in, intestine; /.-,

kidney ; m, mouth ; m.yi, masticatory plate ; os,

osphra<linm ; pa, mantle ;
jKir, parapudia (lateral

lobe of loot); -p.g, pedal ganglion; p.l, inferior

(lallial lol>e ; pl.g, pleural ganglion ; r.w, retractor

muscle of buccal mass ; r.a, renal opening ; r.p,

reno-pericardial oiM'uing ; s.ij, seminal groove; fh,

shell; s.i, supra-intestinal ganglion; fl, stomach.
(After Guiart.)

Fig. ".

Alimentary canal of EoHi: paplJ-
loM, dorsal view, (iit, anus ; r, hind-
gut ; h, hepatic appendages of the
mid -gut (all of which are not
ligured) ; m, mid-gut ; pli, jiharj'iix.

(From I,ankester, after Alder and
Hancock.)

different groups. Primitively there were two lobes, as in other

Molluscs, and this numljer is, as a rule, retained in the Gastropods,

but there are very few forms in which the lobes arc equal and

symmetrical, as in Nerifina and Valvata. More frequently the topo-

graphically left lobe is more deeply involved in the spire, and is

larger from larval life onwards than the right lobe in dextral Gas-

tropods (Figs. 61 and 116, B) ; the reverse is the case in sinistral

forms. The right lobe may disappear, and the left lobe only persist
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in Paliidina and liissoa. But in Otina—a dextral form—it is the

left lobe that is the smaller. The liver discharges its secretion into

the stomach, but exceptionally it may discharge into the terminal

part of the oesophagus or into the intestine {Fhilo)iujais hilineatus).

As a rule there are two hepatic ducts whose openings into the

stomach may sometimes be at some distance from one another

{Natica), but may sometimes be fused as a result of specialisation,

as in the majority of the Docoglossa, certain species of Murex, and
some Euthyneura, viz. the Thecosomata (Fig. 60), Ancylm fluviatilis,

Latia, etc. On the other hand, one of the orifices may be subdivided,

so that three hepatic openings are formed, as in the Fissurellidae.

In a few rare cases (Ci/dusfoma) isolated acini are found on the

hepatic ducts, recalling the condition common in the Cephalopoda.

Sometimes the liver lobes cover the whole stomach and open into

it by multiple orifices ; this arrangement is found in various Opistho-

branchs, such as Gastropteron and the Gymnosomata. The extreme

form of specialisation consists in the subdivision of the whole

organ into tubes, which, like the gastric diverticula of Polyclads,

extend through the greater part of the body, and even penetrate

into external tegumentary appendages. This peculiarity is found

in many Nudibranchs, viz. the Eolidomorpha (Fig. 77) and the

Elysiomorpha (excepting Cyerce and Lobiancoia), in which the rami-

fications of the liver extend into the dorsal papillae, and in various

Eolidomorpha communicate with cnidosacs, structures of ectodermic

origin which in turn communicate with the exterior (p. 178). A
similar arrangement occurs in the Polyclad Yungia. The digestive

glands secrete a diastatic and peptic ferment, but in addition to their

digestive properties they exercise, in the Euthyneura at least, an
excretory function, and they also arrest the action of poisonous

substances. Lastly, the digestive glands take a share in intestinal

absorption.

The intestine proper is a cylindrical tube, generally of uniform

calibre throughout its course. It is sometimes separated from the

stomach by a sort of valve. In nearly all cases it exhibits a well-

marked longitudinal projection, the raphe or typhlosole, along a

certain part of its course, and in some forms this projection is

divided into two in such a manner as to form a groove bounded by
two folds. In herbivorous Gastro])ods, such as Patella, the intes-

tine is very long and thrown into coils ; in carnivorous forms it is

short and often straight as in Fferoceras (Fig. 75), Eolis (Fig. 77),

Hemifums (Fig. 99).

The intestine traverses the ventricle of the heart in most Ehipi-

doglossa (Fig. 55), the pericardium in Paludina, and the substance

of the kidney in the Ihliidae, Cassididae, Triton, and UaneUa. In

Murex, Purpura, and the Naticidae the rectal portion of the intestine

is provided with a somewhat ramified gland, known as the anal
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gland, and in the Fissurellidae there is a longish glandular caecum

in the same position, which opens near the anus and lies alongside

the rectum as far as the point where the latter traverses the ven-

tricle. As a rule, the anus opens on the right side of the body (on

the left side in sinistral forms) and more or less in front. But in

those forms in which the coiling of the visceral sac is diminished or

lost, this flexure of the digestive canal seems to be effaced and the

anus lies at the posterior end of the body. This disposition is rare

Fia. 7S.

Tanganyjicui, rujilosa, dorsal view, witli the mantle laid open, a, anus ; h.p, brood-pouch ;

b.p.o, orilice of brood-pouch ; ce.gr, cerebral fjanglion ; cr.s, crystalline style ; /, fool ; g, (;ill ; h,

heart ; in, origin of the intestine or pyloric oritice of the stomach ; m, mouth ; oci, oviduct ; oe,

termination of the oesophagus, or cardiac orilice of the stomach ; o.o, oviducal orilice ; os,

osphradium ; pa, mantle ; st, stomach ; s.i.ii, .supra-intestinal ganglion. (After Moore.)

in the Streptoneura, but may be seen in Cypraea and Pterotraclica.

It is, on the contrary, common in the Euthyneura, occurring in

Doridium, liuncina, Aplyski (Fig. 154), tiie Doridomorpha (Fig. 79,

VIII), Janus, Aldnia, Limajjontia, Tcdacella, the Oncidiidae (Fig. 59),

and the Vaginulidae (Fig. 87).

2. The Circulatory System.—The blood is generally a colourless

liquid containing amoebocytes. It is red iu the genus riancn-his

(with the exception of P. albvs), in which haemoglobin is diffused

in the plasma. The muscles of the buccal mass arc impregnated

7



98 THE GASTROPODA

by haemoglobin in a fairly large number of Streptoneura, e.cj.

Littorim/, JJuccinuni, Natira, etc. In some few Gastropods the blood

is of a bluish tint in consequence of the presence of an albuminoid

containing copper called haemocyanin. In other cases the blood is

coloured by pigments of extraneous origin absorbed by the amoe-

bocytes ; this is the origin of the violet-red colour of the blood of

Fasciolaria. In various Opisthobranchs, viz. Bullomorpha, Pleuro-

branchidae, Doridomorpha (Fig. 79, XVII), there is a differentiated

lymphatic gland, situated as a rule more or less anterior to the

heart on the aorta. In a certain number of Streptoneura this

organ consists of a sinus filled with cytogenous connective tissue

and situated near the kidney ; in other cases it is diffused through

the subcutaneous connective tissue.

The heart is always dorsal and in the immediate neighbourhood

of the respiratory apparatus (Figs. 79 and 82). It is only in the

very archaic forms such as Pleurotomaria and the Fissurellidae, that

it is still symmetrical and median as in the Cephalopods, Lamel-

libranchs, and Amphineura, otherwise it is nearly always lateral,

being situated on the left in dextral forms (Fig. 67). It is generally

somewhat anterior in position (Figs. 82 and 88), but it may become
posterior again as a result of secondary specialisation as in Pterotrachea

(Fig. 143), Tcstacella, Oncidmm, Peronia, and the Doridomorpha, and

in the -last named it resumes an apparent external symmetry
(Fig. 79). The heart of Gastropods always includes an ovoid or

piriform ventricle, and in the Khipidoglossa (with the exception

of the Helicinidae, Hydrocenidae, and Proserpinidae) two auricles,

but the latter only retain their primitive symmetry in the Fis-

surellidae, in which the ctenidia themselves retain their symmetry
and the heart is median. In other Khipidoglossa, in M'hich the

heart is no longer median, the right auricle is the smaller (Fig.

55, VII), and it becomes more and more rudimentary. In all other

Gastropods there is only one auricle, situated on the topographically

left side (Fig. 82, cm) : it is generally larger than the ventricle, but

its nuxscular fibres are fewer in number and its walls are thin,

transparent, and extensible. The ventricle is traversed by the

rectum in the lihipidoglossa (except tlie Helicinidae), and in the

more archaic forms is placed between the two auricles, e.ff. in Pleriro-

tomaria (Fig. 127, h), TrocJms (Fig. 55, VIII), etc. In the majority

of the Streptoneura (Fig. 99, V), in the Pulmonates (Fig. 86,

VII), and in some Bullomorpha

—

e.g. Adaeon, Limacina (Fig. 63),

Clio virrjuld, and Clio acicnla— this ventricle is posterior to the

.single auricle; in some Opisthobranchs {PhyUirho'c, Fig. 161) and

Ileteropods the auricle and ventricle are on the same transverse

line, and in the majority of Opisthol^ranchs (Figs. 79, III, and

92, I), the Testacellidae, Oncidiidae, Pterotracheidae, and certain

Calyptraeidae the ventricle is in front of the auricle. In adult
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individuals, during normal respiration, the ventricle beats not more
than one hundred times nor less than thirty times in a minute.

XVII
XVI

Fio. 70.

Doris piZosa, opened dorsally. I, stomaoh ; II, liver; III, vontricle of heart ; IV, pericardium
laid open; V, pullial vein; VI, gill; VII, lirancliial vein; VIII, anus; IX, renal pore; X,
auricle ; XI, reno-imricardial orifice ; XII, posterior part of intestine (the anterior part i-s on the
left); XIII, kidney; XIV, accessory genitiil glands; XV, tentacle; XVI, central nervous
system ; XVII, hematic gland ; XVIII, salivary gland ; XIX, oesophagus. (After Uancock.)

The mean frequency of the pulsations is sixty to the minute in

forms most easily observed, such as Pulmonates, Nudibranchs,
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Bulloraoi-pha, Thecosomata, and Heteropoda. During hibernation

the heart of Gastropods does not beat more than twice a minute.

The Gastropods in general have a well -developed arterial

system, but the venous system is for the most part lacunar. A
single artery takes its origin from the end of the ventricle opposite

to the auiicle— or from the posterior end of the ventricle in

diotocardiate Rhipidoglossa—but in the Docoglossa (Fig. 82) one of

its branches, namely, the

:^"^ genital artery, appears to

have a distinct origin, as in

the Cephalopoda. An intra-

pericardial aortic bulb is

found at the origin of the

aorta in Patella (Fig. 80, V),

various species of Fissurella,

Am}mUaria, Katica, and the

Heteropoda, and a similar

Fig. so. but extra - pericardial bulb

Heart of J'aieZZa DM?3a«a, the auricle and ventricle in Sipkouaria. In Certain
opened. I, "brancliial" vein ; 11, auriculo-ventricular -n , j mi j.

valve; III, posterior aorta; IV, valve between the Meteropoda, iheCOSOmata,
ventricle and the aortic bulb; V, aortic bulb; VI, i IVJnrlihrnnpVK! t>iprp it: -i

anterior aorta ; VII, ventricle, with its internal ^"^l INUUlOrancUh tUCie lb d
muscular columns ; VIII, auricle; IX, pores leading yalve at the Orio'in of the
into the auricle the blood of the roof of the pallial •*?••/
cavity. (After Wegmann.) aorta. i he ramihcations ot

the aorta form an arterial

system extending throughout the body, which is continued into a

system of interorganic lacunae, without epithelial walls, into which

the arterial trunks sometimes open suddenly b}- contractile orifices

;

for instance, the cephalic artery of Patella and Haliotis, the pedal

artery of Heteropods, the cephalic artery of Thecosomata, etc.

The venous blood is collected from the lacunar system into two

large and important sinuses—an anterior or cephalo-pedal sinus and

a posterior abdominal or visceral sinus. These two ]>lood-spaces

open into an anterior abdominal sinus lying beneath the pericardium.

From the last named the blood is carried to tlie roof of the pallial

cavity for oxygenation, on the right side by the rectal sinus

(external to the rectum), on the left side by the more or less well-

defined lateral sinus which runs along the anterior border of the

mantle, and forms the " pulmonary artery " in Pulmonata. Thus

the venous section of the circulatory system ends in regular vessels,

and in Aplyda the great abdominal sinus may be seen to open

abru[)tly, by gaping orifices, into the afferent branchial vessel. The
blood is carried from the rectal sinus to the respiratory apparatus

l)y a transverse vessel or by a vascular network which generally

forms an atlerent l)ratichial simis running along the whole length of

the branchia on the right side. But a very large part of the

venous blood, larger in the archaic than in the more specialised
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The
remains so

respiration

expansions

the pallial

primitively aquatic and
The organs of aquatic

forms, passes into the kidney by means of a portal system, and the

efferent renal vein generally joins the rectal sinus or is carried

direct to the afferent branchial sinus {Valvata). The venous blood

of the kidney is therefore carried to the respiratory organs before

it is returned to the heart; but in some Streptoneura {Vcrmetus,

Littorina, Cijdostom(t) and in certain Pulmonates the blood is carried

direct to the auricle without passing through the respiratory

apparatus.

respiration of Gastropods is

in the majority of forms.

consist of a pair of leaf}^

of the mantle, situated in

cavity and called ctenidia.

Each ctenidium is the homologue of a

single branchia of Chiton (Fig. 28, B, g),

of Nautilus (Fig. 276), or of Nucula

(Fig. 206), but most usually only one,

namely, that of the topographically left Jt.

side, persists (Figs. 82 and 85). It is y
only in the more primitive Rhipido-

glossa— viz. the Pleurotomariidae (Fig.

127), the Fissurellidae (Fig. 81), and
the Haliotidae— that a pair of ctenidia

persists. In the Fissurellidae these two
organs are quite symmetrical and of

equal importance, l»ut in the Pleuro-

tomariidae and Haliotidae the topo-

graphically right ctenidium is smaller Fissurella from which tlTe siieil has
,1 ii 1 Ti 1 • 11 i.1 n J. 1 been removed, and tlie anterior area
than the left, and m all other Gastropods of the mantie-skirt has been longi-

tViprp i<? niilv n drxrlp pfpniflinm tVinf nf tndinally slit and its sides reflected.mere is oniy a sm<,it ctenicuum, mat oi
^,_ eei.haiic tentacle; h, foot; a, left

the right side having completely dis- (.ireliaicright)gill-plunie;e, reflected

Fk:. si.

Dorsal view of a specimen of

, ^ ,, ,
, , mantle-flap ; _/i, the fissure or hole in

appeared. In all the Streptoneura, the the mantle -flap traversed by the

Plpiirnhrinrhid'iP <}(i^tri,utprtm •iiul fhp long't"<l'nal incision; /, right (ar-
1 leUIOOrancniUae, UasilOpieion, ami me ci,aic left) renal aperture ;?, anus ;

Lophocercidae each ctenidium is formed 'i, left (archaic right) ren.^l aperture ;^ . 1 • r P' *'"°"'^- (^^'ter Liinkester.)

of flattened respu-atory nlaments which
lie parallel to one another and are disposed perpendicularly along

one or tAvo faces of a branchial axis. Such a ctenidium is called

" pectinate." In the Opisthobranchs—the only Euthyneura that

possess ctenidia— the ctenidium is a simple flat and projecting

tegumentary lamina, transversely folded from its base to its ex-

tremity in sucli a manner that the ridges of one face correspond to

the furrows of the other face : such a branchia is called " plicate."

Among the dil)ranchiate Aspidobranchs, Plnirotamaria, the

Fissurellidae, and the Haliotidae have two rows of pectinations to

each ctenidium, one on either face of the branchial axis (Fig. 81).

Each ctendium is therefore formed like that of Chiton, Nautilus, or
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Nucula, and is similarly free to a greater or less extent at its

distal extremity. But in SdssurcUa (Fig. 54, IV) the right ctenidium

is already degenerate in so far that it has only a single row of

filaments inserted directly on the wall of the pallial cavity. The
other ctenidiate Aspidobranchs have only a single and equally

bipectinate ctenidium, as has also Valrata (Fig. 132, gi). The two
rows of respiratory filaments are equal in the dibranchiate

Rhipidoglossa, in the Acmaeidae and Valvatidae, but in the mono-
branchiate Rhipidoglossa the dorsal row—that is to say, the row
between the mantle and the branchial axis—is already much
reduced, and in the remainder of the Streptoneuia this row of

filaments has disappeared, as in the right ctenidium of Scissurella,

and the single ctenidium is attached to the mantle for the Avhole

•of its length (Fig. 99, XVII). The individual branchial filaments are

Fic. 82.

Anterior part of tlie body of Acmam, sliowing nor\'ou,s ami eirculatoiy systems, dorsal
iispect. a.g, abdominal ganglion; «", aorta; an, auricle; hr.n, branchial (ctenidial) nerve;
br.v, brancliial vein; ce.g, cerebral ganglion; gi, gill; i.i.g, infra-intestinal ganglion; viu,

coluniellar muscle ; os', os", left and right ospliradia
;

jic, mantle ; jm.v, pallial vein ; pe.c, pedal
cord

;
pe.g, jxMial ganglion

;
jil.g, i)leural ganglion ; s. /.(;, supra-intestinal ganglion ; te, tentacle ;

ve, ventricle.

usually simple, but sometimes their surfaces are folded, and again

each filament may be in its turn leafy or beset with plications as

in the Cephalopoda : this condition is found in Jaitfliina. Each

filament is a simple tcgumentary projection without any internal

endothelial lining. The wall of the blood-space contained in it

is formed of connective tissue, thickened and compacted along the

borders of the filament, where it forms a supporting structure,

specially well dc\"elo))eil on the ventral side. By these means

the rigidity of the filaments, which are oi'ten very long as in

Calypiraea, etc., is ensured. The ca\ities of the filaments are

traversed by muscular trabeculae, b}^ whose agency the Avhole

filament may be contracted.

In spite of the presence of ctenidial branchiae, there is a certain

number of Gastropods in which the oxygenated blood returned to

the auricle is not dciivcd from these organs alone. A considerable

quantity may come from \'arions other parts of the mantle, or, in
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forms in which the mantle has disajipeared as a shell -forming

organ, from the dorsal envelope of the body, which in this case

serves as an accessory respiratory organ. This phenomenon is to

be seen in the Acmaeidae (Fig. 82, pn.v), the Heteropoda, the Pleuro-

branchidae, and the Pneumo-
dermatidae, these last-named

families being naked. In the

Pleurobranchidae, the Hetero-

poda, and certain Acmaeidae
the mantle is no longer fur-

nished with accessory respira-

tory structures, but in other

Acmaeidae, such as Scniria,

etc., and certain Pneumoder-
matidae (Fig. 84, VI, YII), a

Fio. 83.

'I'ritonia lineata, dorsal view.
I, rhinophore or posterior
tentacle; II, dorsal api>endage
(pallial gill); III, right eye;
IV, frontal veil ; o, genital
(hermaphroditic) orifice. (After
Hancock.)

Ki(i. 84.

1' lieu iiwnodi nun, right - siile view,
with the head above. I, the expandeil
proboscis; II, anterior tentacle; III,

posterior tentacle ; IV, genital (licrina-

pliroditic) opening; V, right lin ; VI,
ctenidiuni ; VII, posterior |>allial gill;

VIII, posterior lobe of the foot; I.X,

reno-anal cloaca ; X, lateral margin of
the foot ; XI, penial oritice ; XII,
sucker-bearing appendage; XIII, ven-
tral median papilla of the iirobo.scis ;

XIV, seat of the mandibles; XV, ex-

panded right hook-sack.

ctenidium, or branchia properly so called, coexists with secondary

respiratory organs or pallial branchiae : these lie Ijclow the mantle

edge in Scurria and on the free surface of the posterior part of the

body in the Pneumodermatidae. If the ctenidium is atrophied and

disappears altogether, the mantle itself resumes the res])iratory

function which was previously localised in the ctenidium. This
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phenomenon may be found both in aquatic species and in forms

adapted to terrestrial life, the different modifications of the mantle

being as follows :

—

(1) There may be branchial structures varying in form and

position, but not homologous to a ctenidium. In the Docoglossa

these pallial branchiae are situated on the internal face of

the mantle, as in Patella (Fig. 125,/). In various Gymnosomata

{Clionopds, Notohranchaea, etc.) they are situated on the posterior

surface of the body as in the Pneumodermatidae. In the majority

of the Nudibranchs they are on the dorsal surface of the body,

sometimes localised round the anus as in the Doridomorpha

(Fig. 79), sometimes concealed below a fold of the dorsal integu-

ment as in Pleurophyllidia and certain porostomatous Doridomorpha,

Fhyllidia, and Corambe (Fig. 164, (j). Or all kinds of accessory

branchial formations may have disappeared, and the fiiuction of

respiration is distributed over the whole free surface of the pallial

integuments, as may be seen in various Docoglossa such as the

Lepetidae and BathysciacUum ; in Firoloida among the Heteropoda

;

in DermatohrancJms, Heferodoris, the Elysiomorpha (with the ex-

ception of the Hermaeidae), and Phyllirlw'e (Fig. 161) among the

Nudibranchs ; in the Clionidae and Halopsychidae (Fig. 156) among

the Gymnosomata.

(2) An adaptation to a terrestrial life and the pulmonary

respiration resulting therefrom is found in very different groups

of Gastropods, but the diflferent stages of evolution are best studied

in the Streptoneura. In this group certain aquatic and littoral

forms, though they possess ctenidia, have acquired the habit of

living for a longer or shorter time beyond the reach of the water.

This is the case with various species of Littorina (L. nidis,

L. neritoides, etc.), Cremnoconchus, Neritodnjas, several Cerithiidae,

etc. Consequently certain modifications of the internal surface

of the mantle are induced, in the interior of the pallial or

respiratory cavity. The filaments of the ctenidium—bipectinate

in Neritodryas, but monopectinate in other forms— are often

reduced in height and are prolonged more or less indefinitely on

the right side of the internal pallial surface to form vascular

arborisations, as may be seen in tlic semi-aerial species of Littorina

(Fig. 85, x) and in Cremnoconchus. Finally, the ctenidium disappears

altogether, and with it the hypobranchial gland and the efferent

branchial sinus, and the venous blood of the rectal sinus is con-

ducted to the afferent cardiac vein (corresponding to the efterent

branchial vein) by the system of arborisations that extends over

the whole roof of the pallial chamber. Such is the case in

Cerithidea ohtusa, which retains only the vestiges of the anterior

extremity of the ctenidium. In many aerial Gastropods the

ctenidium has totally disappeared and the roof of the pallial cavity
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is permeated by a rich vascular network (Fig. 86) in which the

blood is oxygenated. In this manner the respirator}^ pallial

chamber is transformed into a pulmonary cavity or lung, whose
vascularised surface is irrigated by the blood derived from various

parts of the body. The " lung " of C4astropods, then, is not

a sponiry organ, but a cavity

strictly homologous to the pallial

cavity.

The pulmonate Gastropods

exhibiting this structure are

polyphyletic, that is to say,

they belong to several different

groups. Among the Strepto-

neura we find three families of

Fio. SO.

Litlorina liltorca, male, removed from its

sliell ; dorsal aspect ; the mantle-skirt cut along
its right line of attachment and thrown over to
the left side of the animal so as to expose the
organs of its inner surface, n, anus ; hr,

ctenidinm ; <\ heart ; h, liver : i, intestine ; m.c,
columellar muscle (muscular process grasping
the shell)

; p, penis
;

p.hr, osphradium ; r,

kidney ; r', aperture of the kidney ; t, testis ; i',

stomach; y.rf, vas deferens ; r.*?', the gnwve-Iike
part of latter ; .r, vascular prolongations of the
ctenidial leaflets

; y, hypobranchial gland.
(From Lankester, after .Souleyet.)

Fio. so.

Roof of the pallial cavity (lung) of
I.imdx. Ventral aspect. I, doacal (reno-
anal) orifice ; II, pneumostonie ; III, reno-
pericardial orifice ; IV, rectum ; V, renal

duct; VI, kidney; VII, heart - ventricle ;

VIII, pericardium (cut open); IX, heart-
auricle ; X, ramifications of the pulnionary
vein. (After Leidy.)

Khipidoglossa, viz. the Helicinidae, Proserpinidae, and Hydrocenidae;

and three sub-groups of Taenioglossa without jirobosces, viz. the

Cyclophoridae, Cyclostomatidae, and Aciculidae ; and among the

Euthyneura all the Pulmonates proper, including the aquatic as

well as the terrestrial forms. In one family only of the Strepto-

neura, the AmpuUariidae, is the ctenidinm preserved at the same
time that a pulmonary cavity is present. In this family the pallial

cavity is divided by an incomplete septum into a lung and a

branchial cavity, the former being situated to the left of the

ctenidium. The animal is therefore able to breathe by its gill

in the water, and by its lung when out of the water, the air being
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admitted by a very extensible paliial siphon. In the puhnonate

Streptoneura the pulmonary chamber retains the whole of the

primitive opening of the paliial caA^ty ; in the Euthyneura, on the

contrarjT^, the opening of the lung or pneumostome is much
reduced l)y the fusion of a large extent of the mantle border with

the neck of the animal, a fusioti that leaves only a minimal but

extensible posterior aperture (Fig. 177, V) in the neighbourhood of

the anus. This disposition allows of the blood, on its arrival at the

lung, being carried round a more or less annular circumpulmonary

venous sinus. In the Oncidiidae the lung is somewhat rudimentar\',

being reduced to arborisations ramifying among the lobes of the

kidney. In other Pulmonates such as Anqilas and the Vaginulidae

(Fig. 87) the reduction of the lung is carried to the point of

complete disappearance. Finally, there is a family of Pulmonates
in which, instead of a vascularised lung, there is a pulmonary

unJ o-z,u. Von p^

Fic. 87.

Vaginula occidentalis, rij^lit-side view, with the mantle partially removed on this side, an,
anus ; aiu; auricle ; o.f, female orifice ; o.r, renal openinj; in the rectum ; o.j'.p, reno-pericardial
pore; o.r.«, Orifice of the kidney in the ureter ; p, foot

; )«, mantle ; j)c, ])ericardium ; r, kidney;
re, rectum (the dotted line .shows the direction of the intestine) ; teyi, tentacles ; ur', ur",
primary and secondary ureters ; rni, ventricle.

chamber continued into luimerous tubules which penetrate into

the surrounding blood .sinuses : these tracheafe Pulmonates are the

Janellidae (Fig. 90, /?). A large mmiber of Pulmonate Gastro-

pods, while preserving their aerial respiration, have returned to an
aquatic life ; such are the Basommatophora (Limuaeidae, etc.).

Among these the marine genera Ainphiboln, Siphonaria, and Gadinki
;

Limnaea uhjssicola, an inhabitant of deep lakes ; and Planorhu

7iautilm, have a ])allial pulmonary cavity which, instead of being

filled with air, may temporarily or continuously be filled with

water, as in the larvae of aquatic Pulmonates. Here we see a

return and rcadaptation to aquatic respiration, but for all that

the ctenidium does not reappear, a fact M'hich illustrates the

irreversibility of evolution. But in these cases respiratory paliial

outgrowths or secondary branchiae may be formed near the

opening of the pulmonary cavity oi- even in its interior. Such
is the contractile extrapulmonary tegumentary ajipcndage at the

base of Avhich the anus opens in I'htnorhis (as this is a sinistral
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genus the appendage is to the left of the pallial aperture). In

Flanorbis corneus (Fig. 89, //) there is a single respiratory lobe, with

a richly vascularised surface, and in AtiriiJn^ there is a similar

Fig. SS.

Diagram of a sagittal sectiim nf PnteUa nihjalK. hr.ii, branchial atlcrciit vessel (artery)

;

hr.r, branchial elferent vessel (vein) ; b.v, blood-vessel ; c, muscular substance foriiiin!; the root
of the foot ; cor, heart within the iiericanlium ; e, mantle-skirt

; /, jiapilla of the larger kidney ;

</, anus ; i, smaller kidney ; /;, larger kidney ; I, pericardium ; «. liver ; a. mouth ; od.ni, mnscles
and cartilage of the odontophore ; ;i, snout ; 7, intestine in transverse section ; 1; radular or
lingual sac ; rd, radula ; .-;, lamellated stomach ; t, salivary gland ; c, <luct of same ; r, buccal
cavity ; M', gonad. (After Lankester.)

structure, but the lung has disappeared. In lUdinas, including

the sub-genera Isidora, Palmohranchid^ etc., and in Miratesta there

is a folded branchia. In Siplwnarm the long plicated branchia

which extends across the interior of the roof of the pulmonary

I'larwrbis Cornells, removed from the shell; anterior view, a, anus; /, foot; g, gill; Ar.i',

renal aperture ; m, mouth ; os, osphradium ;
;ui, mantle ; im, pucuniostome ; .^•i, pulmonary

si]ihon.

cavity, between the kidney and the rectum, is of the same
character. This branchia is situated more ])osterioily and to the

right than the ctenidiuin of niono})ranchiatc (Jastropods (Fig. 174).

The diverse characters of the rcs[)iratory ai)paratus of Gastropoda

may be advantageously summed up in tlie following table :

—
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3. Excretory Organs.—In the Gastropoda the kidneys are the

essential organs of excretion, but the pericardial glands serve as

accessory excretory organs, as also certain parts of the body in

which the products of excretion are collected, forming veritable

accumulative kidneys.

(1) The kidneys are originally paired, as in all other Mollusca,

and a single pair is found (Figs. 55, III, XIII; 81, /, h; 91,

127) in all the Aspidobranchia, except the Neritacea, including

the Neritidae and allied families. These two kidneys open one

on each side of the anus, but they do not retain their primitive

symmetry in any Gastropod, and although they are independent of

one another, the topographically left kidney is rudimentary, and

that of the right side alone is functional in almost every case.

Fig. 90.

Transverse section of the lung of Jo.nella. k, ureter ; ;w.c, pallial or pulmonary cavity ; ))o,

pneumostome ; si, blood sinus ; tr, " tracheae " or diverticula of the pulmonary cavity. (After

Plate.)

In the Neritacea (Neritidae, Titiscaniidae, Helicinidae, Hydro-

cenidae, and Proserpinidae) and in all the Pectinibranchia and

Euthyneura the topographically right kidney no longer exists.

In Paludina the two kidneys coexist during development, but in

the adult that of the topographical right side has disappeared. As
regards the position of these organs, their primitive situation is

wholly within the visceral mass (Docoglossa, Fig. 88, /.•), and their

migration outside tlie visceral mass is a specialisation which begins

to show itself in the Rhipidoglossa—at any rate, in the case of the

left kidney (Fig. 127)—and is completely realised in the case of the

single kidney in other 8treptoneura and Tcctibranchia, in which

the excretory organ is more and more localised in the mantle (Figs.

75, k ; G3, r). The kidney is always a dorsal organ, situated in the

neighbourhood of the pericardium, with which it communicates by

a ciliated aperture. In the detorted As])idol)ranchs (Fi.ssurellidae),

however, the very rudimentary left kidney has lost this pericardial
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communication. Elysia is exceptional in tliat the kidney is placed

below and partly surrounds the pericardium, and the reno-pericardial

orifices are multiple, some ten being present (Fig. 92). As a rule

the external opening of the kidney is situated near the anus (Figs.

81 and 88), and sometimes the two open together into a sort of

common cloaca, as may be seen in the Gymnosomata (Fig. 84, IX)

and in certain Pulmonates, such as Limax (Fig. 86, I), the Onci-

diidae (Fig. 59), and Varjinula (Fig. 87), but not in V. willeyi. In

rare cases, however, such as the Nudibranch Jamis, the excretory

aperture is distant from the anus. The external renal orifice is

borne on a papilla in various

Aspidobranchs with two kidneys

(Fig. 88,/), but is a simple slit,

shaped like a button -hole, in

the majority of Pectinibranchia

(Fig. 99, IV) and Tectibranchia
Jcsal =t-..., .^.^ ?/J

(Fig. 154, o). Among the Pec-

tinibranchs, however, Palndina

h.s:l

Fig. Ul.

Diagram of the two retial organs of

Patella, to show their relations to the

rectum and to the pericardium. /, papilla

of the larger kidney ; g, anal papilla,

with rectum loading from it; h, papilla

of the smaller kidney, which is only

represented by dotted outlines ; I, peri-

cardium, indicated by a dotted outline

(at its right side are seen the two reno-

pericardial pores) ; /, the sub-anal tract

of the large kidney given off near its

papilla and seen through the unshaded
smaller kidney ; ks.a, anterior superior

lobe of the large kidney ; ks.l, left lobe

of same ; Ics.i, inferior sub-visceral lobe

of same ; fa.ji, posterior lobe of the

right kidney. (After Lankester.)

Flo. 92.

Elysia viridis, heart and kidney,
dorsal aspect (somewhat schematic).

1, ventricle of heart; II, external renal

pore; III, auricle; IV, liidney ; V, the
various reno-pericardial pores on the
left side (tliere are live such pores on
the right-hand side); VI, the ventral
reno-pericardial pore ; VII, pericardium.

and Valvafa are exceptional in possessing an ureter which opens at

the edge of the mantle. The same arrangement is found in many
Pulmonata, especially in the Stylommatophora, in which an elongated

ureter opens alongside of the anus at the margin of the pneumo-

stome (Fig. 86, V).

As I'egards its structure, the kidney in its simplest form is a

sac lined by a secretory epithelium. By the infolding of its walls,

the cavity of the sac is subdivided and the organ acquires an

alveolar structure of spongy appearance, but in various pelagic

forms it again becomes more or less tubular and trans)>arent, e.{!. in

the Hcteiopoda (Fig. 141, q), in certain " Pteropoda '" (Fig. 60, k),



THE GASTROPODA

in l-'hijllirhuc (Fig. IGl, I). As a rule the kidney is a compact mass,

without external projections, but it is divided into two lobes in

Stenoglossa in general and also in some Taenioglossa, viz. J'/iliidina

and Cypram. In a fairly large number of Nudibranchs (Dorido-

morpha, Janus, etc.) the kidney is divided into ramifications which

extend between the visceral organs of the greater part of the body
(Fig. 79, XIII). In sundry Pectinibranchs

—

e.g. Littwina— there

is a " nephric gland " which opens into the kidney, and consists

of ciliated canals surrounded by conjunctive tissue. In addition to

its excretory function the kidney may also ser\e for the conduction

of the genital products. Thus in all Gastropoda with t\\ o kidneys,

that is to say, in all the Aspidobranchia (Pleurotomaria, Trochns,

Fig. 55, Fissurellidae, etc.) except the Neritacea, the gonad opens

into the right kidney by a papilla situated near the external renal

aperture.

(2) The pericardial glands in the Aspidobranchs and Valvata

are placed on the external walls of the auricles. In other forms

they are localised on the internal wall of the pericardium, as in

Littorina and Cydosioma among the Pectinibranchs and in the

Pleurobranchidae and Nudibranchia among the Opisthobranchs, or

they are situated within the pericardium on the origin of the aorta,

as in Aplysiidae.

(3) Various excretory products may be accumulated in plasmatic

cells (known as the " cells of Leydig ") in the conjunctive tissue of

different parts of the body. This phenomenon is particularly

common on the walls of arterial trunks, and may be seen in the

caudal artery of Corinaria, and on the wall of the arterial trunks of

certain Streptoneura and many terrestrial Pulmonates, in which
calcareous concretions are found in the perivascular conjunctive

tissue. The different forms of excretory apparatus and the special

function of each can be revealed by the method of physiological

injections.

4. Nervous System:—AVith the exception of the endoparasitic

Entoconchidae, all Gastropods possess a well-developed nervous

system in which the same cerebral, pedal, pleural, visceral, and
stomato-gastrio nerve-centres, and the same connectives and com-
missures, are to be found as in other Molluscs. But the special

character of the Gastropod nervous system is the asymmetry of the

visceral centres and of the nerves arising from them, an asymmetry
resulting from that of the visceral organs themselves. Tiie most
primitive form of nervous system is characterised, as in the Poly-

]>lacophora, by the absence of concentration in the ganglia. The
cerebral centres in the Rhipidoglossa are situated at the sides of

the oesophagus and are united by a long commissure which is

itself ganglionated (Fig. 94). The pedal centres in Aspidobranchs
(Fig. 94, pe.c), Faludina, and some other taenioglossate Pectinibranchs
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such as Cydophorus and Cypraea, have the form of long ganglionated

cords with multiple commissures or anastomoses. The pleural

ganglia are but slightly differentiated in Fleurotomaria, in which

genus they are placed on the dorsal pedal connective, at a nearly

equal distance from the cerebral and pedal centres (Fig. d4:,pl.c). In

forms in which they are better developed, the pleural ganglia are

still in intimate contact with the anterior part of the pedal centres,

and there are two long connectives, the cerebro-pleural and the

Fig. 93.

Central nervous system of Patella vtilgata, dorsal aspect. I, tentacular nerve ; II, left cerebral
ganglion; III, cerebro-pedal connective; IV, cerebro-pleural connective ; V, left otocyst ; VI,

left osphradium ; VII, pallial nerve ; VIII, anterior part of the pedal cord ; IX, supra-intestinal
},'anglion ; X, pedal conis (their posterior endings are not drawn); XI, abdominal ganglion ;

XII, pleural ganglion : XIII, otocysticnerve ; XIV, stoniato-gastric ganglion ; XV, opticuerve ;

XVI, labial commissure ; XVII, cerebral commissure.

cerebro-pedal, on either side of the digestive tube, the pleuro-pedal

connective being, on the contrary, very short. This arrangement

is known as the " hypoathroid," and is found in Aspidobranchia

(Fig. 93) and several Taenioglossa, viz. Ampullaria, Cycloplwrus, and

Nassopsis. As a result of specialisation we get the " dystenoid
"

condition, in which the cerebral centres are approximated and the

pleural ganglia are shifted nearer to the cerebrals, so that the

pleuro-pedal connectives ai'o elongated (Fig. 123, A). Finally, in

the " epiathroid " condition, the pleural centres are either in contact

or are fused with the cerebrals (Fig. 123, B), as is the case in the
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majority of the Pectiniln-ancliia, including the Heteropoda, and in

various BuUomorpha {<'.ij. Adaeon, Fig. 57) and the thecosomatous
" Pteropods " among the Opisthobranchia. At tlie same time the

pedal ganglia are concentrated anteriorly to form more or less

globular masses (Fig. 123, C, pe.g).

Primitively the visceral commissure is somewhat extensive, and

its ganglionic centres are tolerably far removed from one another,

as ma}'' be seen in all the Streptoneura and

the less specialised Euthyneura (Figs. 94,

57, etc.). These ganglionic centres are

normally three in number : one is median,

and is called the abdominal or the visceral

ganglion proper (Fig. 93, XI) ; two are

lateral, placed right and left on correspond-

ing sides of the visceral commissure. The
ganglion on the morphologically left side

may be but slightly developed or may not

be differentiated at all, as, for example, in

monobranchiate Rhipidoglossa. In con-

sequence of the torsion of the visceral mass

of Gastropoda, the visceral commissure is

normally tAvisted into a figiire of eight ; that

is to say, the right moiety with the visceral

ganglion is situated above the alimentary

tract and is displaced to the left, the left

moiety remains below the alimentary tract,

but is inclined to the right (Fig. 57). Hence

the names supra-intesiiiud and infra-intestinal

are respectively given to the two moieties

and to the ganglia borne on them (Fig. 123).

This disposition of the visceral com-

missure is common to all the Streptoneura

(as the name of the group signifies), in-

cluding the Heteropoda and all the forms

formerly called " Orthoneura," i.e. forms in

which the visceral loop was believed to have

never been twisted ; it may also be clearly

seen in the more archaic Eutliyneura (which,

as has been explained above, are detorted Gastropods), for instance,

in various lUiJiomorpha {Adaeon, Fig. 57, Scaphander, Bulla,

etc.), and in Chilina. But in the three last-named genera the

detorsion of the visceral commissure is already manifest, that is

to say, its supra-intestinal moiety shows a tendency to return to

the lower side of the alimentary tract, and its sub-intestinal moiety

tends to return to the left side. This detorsion of the visceral

commissure is complete in the rest of the Euthyneura, as may be

Fio. 94.

I'leurotomaria, nervous
.system, doi-sal aspect, hr.g,

branchial ganglion ; c.c, cerebral
commissure ; c.p.c, cerebro-
Ijedal commissure; c.pl.c,

cerebro - pleural commissure :

i.i, infra-intestinal portion of
the visceral commissure ; la.c

labial commissure ; ot, otocyst

;

pd.n, pallial nerve ; jje.c, pedal
cord

; pl.c, pleural centre ;

pl.p.c, pleuro ])edal connec-
tive ; s.i, supra-Intestinal part
of the visceral commissure :

st.'i, stomato-Kastric ganglion.
(After V. n. Woodwar<l.)



114 THE GASTROPODA

seen in the Opisthobranchia (Figs. 95 and 159) and the Pulmonata
(Figs. 96 and 97).

Further, in all the Euthyneura but those Avhich are the most
primitive from this point of view, such as the Bullomorpha and

Aplysia among the Opisthobranchs, the

Auriculidae, Chilina, and Latia among the

Pulmonata, there is a tendency to the

approximation of the ganglionic centres

and at the same time a shortening of the

visceral commissure. This is carried so

far that the ganglia come into contact

and form a chain of several united nerve-

centres between the pleural ganglia (Fig.

97). When it has reached this stage of

evolution the whole nervous system is

I
^y\.

Fig. 95.

Nfii'vous system of Aplijsia

(dorsal aspect), as a type of tlit^

long -looped ICutliyneurous con-
dition. The untwisted visceral

loop is lightly shaded, ab.sp,

visceral ganglion which repre-

sents the abdominal + the supra-
intestinal ganglia of Streptoneura,
and gives off the inTve to the
osphradium and aiiother to an
unlettered so-called "genital"
ganglion ; cc, cerebral ganglion ;

0, osphradium ; })«, pedal ganglion
and double pedal commissure

;

pi, pleural ganglion (the stomato-
gastric commissure and ganglia

are omitted). (From Laukestor,
after Spengel.)

Fui. 96.

Latia neritoidvx, central nervous system, dorsal
view (the buccal mass is indicated by a dotted line).

hu, buccal mass ; co.tii, visceral commissure ;
g.a,

abdominal ganglion ; g.bii, buccal ganglion ; g.ce.

cerebral ganglion; g.i.i, infra -intestinal ganglion;
(/.;«(, parietal ganglion

;
y.j)e, pedal ganglion and

double pedal conunissure
;

g.pl, pleural ganglion;
(;..•.. i, sui)ra.intestinal ganglion ; n.p.i, nerve of the
inferior jiallial lobe ; oup, osphradium ; rad, radula.

concentrated in the cephalic region round the anterior part of the

oesophagus, and finally all the ganglia—cerebral, i>leural, pedal, and
visceral—are intimately united and localised on the dorsal surface of

the oesophagus, a condition which may be seen in J^lciiwltranchiis and
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the majority of the Nudibranchs (Fig. 159), and is pushed to an

extreme in Tethjs. In this case tlie pedal and visceral commissures

are destitute of ganglia or nearly so on the venti'al part of their

course. It is only in the thecosomatous " Pteropods " that the

concentration of the ganglia takes place ventrad of the oesophagus,

the dorsal part of the nervous system being formed only by a long

cerebral commissure (Fig. 60, u.s).

In all Gastropoda there is an infra-oesophageal stomato-gastric

commissure. In the more primitive forms (Aspidobranchia, Fig.

94) the stomatogastric system originates from a sub-oesophageal

labial commissure, but in other Gastropods from the cerebral

ganglia. Normally this stomato-gastric commissure bears a pair of

Nervous system of Limuaea stngiiaUa (dorsal aspect), as a type of the short-looped Euthy-
iienrous condition. The short visceral loop, with its three ganglia, is lightly shaded, ab,

abdominal ganglion (4-infra-intestinal) ; ce, cerebral ganglion; o, osphradimii
; pe, pedal

^'anglion ;
pi, pleural ganglion ; fp, i>arietal ganglion or left visceral ganglion ; opposite to it

is the visceral ganglion of the right side, or supra-intestinal ganglion, which gives off the long
nerve to the osphradiuni (in Planorbli, the osphradium and supra-intestinal ganglion are on
the left side). (From Laiikester, after Spengel.)

ganglia situated below the radular caecum at the point of origin of

the oesophagus from the buccal Vjulb (Fig. 146, g.bu).

As regards the innervation of the different organs, the cerebral

centres supply the head and buccal lips, the tentacles and other

cephalic appendages, the eyes and the otocysts. The pedal ganglia

send out nerves to the whole mass of the foot, including the epi-

podium, and to a portion of the cervical region. The mantle and

the organs connected with it are primitively—as in the Streptoneura

—almost entirely innervated from the pleural centres, but they are

also partially innervated by nerves which issue from the visceral

commissure and the supra- and infra-intestinal ganglia, and pass to

the ctenidia and osphradia. The last-named nerve-centres take a

preponderant share in the innervation of the mantle in Euthyneura,



ii6 THE GASTROPODA

especially in the Pulmonata, in which group the pleural ganglia

scarcely ever give off any nerves. In all the Euthyneura except

Adaeon (Fig. 57), Chilina, and Latia (Fig. 96) the infra-intestinal

ganglion is fused with the abdominal (Fig. 97, ah) in such a manner

that the latter appears to participate in the innervation of the

mantle—for instance, in the innervation of the inferior pallial lobe

and the pallial liranchia of the Planorbidae—and the pallial nerves

issuing from the left moiety of the visceral commissure originate

from a special and newly -developed ganglion, viz. the parietal

ganglion of the Pulmonata (Figs. 96, g.jxi; 97, sp). As regards the

viscera, the heart, the kidneys, and the gonad receive their essential

nerve supply from the abdominal ganglion, the alimentary canal

receives its nerves from the stomato-gastric centres, and these latter

nerves sometimes exhibit accessory ganglia on specialised parts of

the alimentary tract, such as the gizzard of Tectibranchia, etc.

5. Sense Organs.—In addition to sensory cells scattered over the

whole surface of the body. Gastropods jDOSsess special sensory

organs usually designated by the names rhinophore, osphradium,

otocyst, and eye. While the whole surface of the integument is

.sensitive, tactile sensibility is more particularly localised in the

anterior regions of the body : in the head, in the margin of the

foot (in marine Streptoneura the whole ventral surface of the foot

exhibits a fine nervous network), and in the regions of the body

.specialised to form tactile appendages of various shape and situa-

tion. Such are the cephalic tentacles—especially the anterior pair

in quadritentaculate Euthyneura; the labial palps (Fig. 117, te'"),

which bear a row of tubercles in some Pulmonates ; the pedal

tentacles of Fermetus (Fig. 45, j^.t) ; the epipodial tentacles of the

Rhipi.loglossa (Fig. 130, XI),

which have ciliated sensory

organs at their bases ; and
the pallial appendages, such

as the dorsal papillae of the

Xudibranchs.

The RkinopJiores, or olfac-

tory organs, as they are called,

are likewise constituted by
the cephalic tenUicles, especi-

ally by the posterior pair in

the quadritentaculate Euthy-

neura. The whole surface of

these tentacles is covered by little ciliated papillae, giving them a

silky appearance, in many lihipidoglossa, e.g. Scissurella, Haliotis,

Trochm, Gcna, Mollcriit, Ci/closfreina, AWifimi, in Caecum (Fig. 68, tr),

etc. The olfactory nerve divides into many ramifications which end

on the surface of the tentacle in olfactory sensorial cells. In many

FlQ. 98.

JSidla (Haminea) navicula, ri^ht-.siile view, c./t,

cei)halie hood ; e, eye ; /, foot ; h.o, hermaphrodite
iiritice; id, inferior pallial lobe; m, month; m.o,

male orilice ; rh, rhinophore (Uaiicoek's organ) ; s.g,

seminal groove ; ah, shfll. (After Guiart.)
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forms, such as the terrestrial Pulmonata, the majority of the naked
Opisthobranchia, Cydostrema, Xenophoru^, and all the Gastropods

without an osphradium, these ramifications issue from a rhinophoric

ganglion situated at the extremity of the olfactory nerve. The
olfactory end -cells are frequently localised in a tract of higher

epithelium at the extremity of the tentacle, or in a furrow ex-

cavated in the surface of the tentacle (Pyramidellidae, Fig. 137, te,

Solarium), and in many Opisthobranchia the sensitive surface of

this olfactory prominence or cavity is increased by the development

of numerous parallel pleats or foliations (Fig. 163, t). In terrestrial

Pulmonates

—

e.g. Helix—the sense of smell does not extend for a

greater distance than half a metre, and then only in the case of

exceptional odours ; the most usual distance at which odours are

recognised is from one to three centimetres, but certain carnivorous

marine Streptoneura—for example, Nassa—are able to recognise

odours at a distance of more than two metres.

The Osphradia are the sensory organs of the pallial or respiratory

cavity, and exist in diverse forms. There is a pair of osphradia

in all the bictenidiate Aspidobranchia and in the Docoglossa : in all

other Gastropods the osphradium is unpaired. It disappears only

in some terrestrial Streptoneura (Helicinidae and Cj'^clophoridae),

in the Pleurobranchidae, the Nudibranchia, and all the Stylommato-

phorous or terrestrial Pulmonates ; nevertheless in all the stylom-

matophora {Limax, Helix, etc.) the osphradium is present during

development and diiring the first few daj's after hatching. To sum
up, then, the osphradium is absent in aerial species or in aquatic

forms devoid of a respiratory cavity, and when it is absent a rhino-

phoric ganglion is present. An osphradium consists of a specialised

and usually elevated and ciliated region of the epithelium, in which

there is an accumulation of sensory cells. In the ctenidiate Gastro-

pods the organ is sitiiated on the outer side of the ctenidium (Fig. 99,

XVI). The most simple form of osphradium is seen in the Strepto-

neura, in which it is not differentiated into a definite organ, but is

merely a localisation of neuro-epithelial cells on the course of the

branchial nerve along the two supporting margins of the ctenidia,

as in the Fissurellidae, or on an osphradial nerve running along the

support and formed by a differentiation of the branchial nerve, as

in other lihipiiloglo-ssa, or again on a ganglion placed on the

extremity of this special nerve at the base of the ctenidium. In

other Gastropods the ospliradium becomes a distinct terminal organ at

the base or at the left (external) side of the single ctenidium, athwart

the current of water which supplies the latter organ. The osphradium

may persist in this place after the disappearance of the ctenidium,

but only in aquatic forms such as the Patellidae, Gymnosomata,
and basommatopherous Pulmonates. In the most archaic Taenio-

glossa, viz. Palwlina, Lifforind (Fig. 85, p.br), Cydostoma, Vermetus,
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the osphradium is a filiform epithelial ridge, overlying a nerve or

ganglionated cord. Then, as a result of specialisation and multi-

plication of its surface, the two sides of the ridge become garnished

with pectinations, so that the organ acquires a deceptive resemblance

to a branchia. This condition may be seen in the more specialised

Taenioglossa, such as Natka, Cerithiiim, and the Strombidae, in which

the pectinations themselves are arborescent ; in t'ljprafa, in which the

Fio. 99.

A male Hmiifustts tuba, removed from its sliell and with tlip lallial cavity opened. I

anus; II, hypobranehial jjcland ; III, spenniduet ; IV, renal pore; V, heart, in the opened
pericardium; VI, testis; VII, liver; VIII, oesoi)liagi]s ; IX, columellar muscle ; X, the spermi-
duct cut through, with tli(> mantle; XI, jjeiiis ; XII, foot; XIII, itroboscis ; XIV, liead ; XV,
pallial siphon ; XVI, ns)ilira(liuin ; XVII, (•tenidium. (After Souleyet.)

organ is trifid; and in the Rachiglossa (Fig. 99, XVI) and Toxiglo.5sa.

In the Euthyneura the osphradium is a simple epithelial projection of

circular or elongated sha]->c, lying above an osphradial ganglion, into

which it is sometimes invaginated—viz. in certain basommatophorous
Pulmonates—and the invagination is Infurcated in Lnnnaca. In the

last-named genus the osphradium is situated in the pallial cavity, to

the left of the ctenidium ; in the Basommatophora it is close to the

pneumostomc ; in Siphonaria (in which the lung is tilled with water)
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it is inside the pulmonary cavity (Fig. 174) ; in other forms with an

aerial lung it is external (Fig. 89, os).

Cyathiform bodies or gustatory bulbs, formed of taste-cells, are

found on the lateral and ventral surfaces of the buccal cavity in

sundry Khipidoglossa, and at the sides of the buccal aperture in

some Heteropoda. Analogous bodies have been found on the

epipodial tentacles of Khipidoglossa.

The Otnciis.ts, or statocysts, are hollow spherical vesicles, whose

internal walls are lined by a ciliated epithelium containing sense-

cells. Tliese vesicles contain a liquid secreted by their epithelial

walls, and in this li(juid are calcareous auditory concretions of

crystalline structure. There is a single large and spherical con-

cretion or otolith in the more specialised Tectinibranchs and in a

few adult Opisthol)ranchs {Lohign, the Elysiomorpha, Hedylidae,

Pscudoverniis, Fiona, and sundry Eolidomorpha), {x\z. the Tergipedi-

nidae, CapeUinia, EoJuIieUa, Eolis aurantiaca and E. oUvacea, Gahina

picfa and G. cxigna). There are numerous and usually ovoid and

elongated concretions, called Otoconia, in the Aspidobranchia (except

BatJtysciadium), in some of the less specialised Taenioglossa, such

as Faludina, AmpuUaria, Ci/dophorus, Valvata, Nassopsis, and the

majority of the jMelaniidae, and in the Euthyneura in general,

with the exception of the Opisthobranchs mentioned above. Oto-

conia sometimes coexist with an otolith in certain Cerithiidae,

Txiritella, Doio, and Oncidiimi, but in all larvae there is only a single

otolith (Fig. 116, A, III). Otocysts are absent in the adult Fcrmetus

and in some Janthina. In creeping Gastropods the otoliths are

situated in the foot, in the neighbourhood of the pedal ganglia (Fig.

93, V), and are often adherent to these nerve-centres. In swimming
Gastropods, such as Heteropoda, FhylUrhor, and Glanais, they show

a tendency to approach the cerebral centres, and the same tendency

may be seen in the majority of Nudibranchs. In all cases the

otocysts are innervated from the cerebral ganglion, as may be most

clearly seen when they are at some distance from the pedal ganglia

(Figs. 123, C, of; 142, m; 146, ot). The neuro-epithelial elements

are concentrated in a macula acustica, placed opposite the expansion

of the otocystic nerve, in the otocyst of Hetei'opoda.

Cephalic I'jjes exist in almost all Gastropods, and there are, in

addition, pallial eyes in certain Oncidiidae. The two cephalic eyes

are situated on the tentacles, in the Euthyneura on the posterior pair

of tentacles. In the Streptoneura these eyes are placed at the outer

side of the l)ase of each tentacle, and are borne on tubercles (Fig.

44, A, r) Avliich may fuse with the tentacles, and thus, in a number
of instances, give the eyes the appearance of being placed half-way

up the tentacles, as may be .seen in the Potamidae among the Ceri-

thiidae, in Cypraea, many Rachiglossa, certain species of Conus (Fig.

144, V), and Plenrotoma : in the last named they arc very near the
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extremities of the tentacles in the sub-genera Drillia and Clavatula.

The ocular tubercle is better developed than the tentacle in the

Strombidae (Fig. 75 /), and finally the tentacle may be aborted and

the eye appear to be placed on

its summit (TerebeUum). It is

really placed on its summit in

Assiminea and in the adult ter-

restrial Pulmonates or Stylom-

matophora (Figs. 172, 177),

but during the development of

these forms it is some distance

removed from it. In the basom-

matophorous Pulmonates, and

in the Opisthobranchia the eye

p„. jQo is at the base of the tentacle,

Axiid section oUhe eye of Trnchv.^ uvibilicariK ^md in the latter grOUp SOme-

lvr7eUn!!iia'/ia7ero\'Vods.'''''
"'' "^'"'' ""'"

"
times at some distance from it

and often buried beneath the

integuments, especially in the Nudibranchia. As regards its struc-

ture, the Gastropod eye typically consists of a retina or invagination

of the tegumentary epithelium, in Avliich sensory and pigment cells

may be distinguished. The former are known as retinophora and
are colourless ; their free extremities are much contracted, and their

opposite extremities are continuous with prolongations of nerve-

fibres. The latter, or retinulae, have expanded free extremities, and

surround the retinophora. As these two kinds of cells arise by the

differentiation of normal epithelial cells, they may not in all cases

possess sharply defined characters, and may pass insensibly into

one another : the colourless cells actually appear to be absent in

the eyes of certain Opisthol)ranchia that are buried beneath the

integuments. The visiial organ is completed by accessory structures,

of cuticular nature, secreted by the epithelium, and are more dis-

tinct from one another in proportion as the eye is more highly

specialised. These cuticular structures comprise the layer of rods

and the refracting bodies properly so called. The layer of rods, or

retinidia, caps the epithelial cells of the retina. These rods, little

developed in the Aspidobranchia (Fig. 100, IV), attain their highest

degree of specialisation in certain Rachiglossa (Strombidae) and in the

Hetei'opoda (Fig. 101, B, VII). In the last named they are disposed

in furrows perpendicular to the optic axis, an arrangement analogous

to that found in another pelagic Gastropod, Gadropteron. The
refractive elements are the crystalline lens— a spheroidal body
formed of concentric layers, which does not as a rule fill the cavity

of the eye— and a less dense cuticular substance, known as the

vitreous body, which surrounds the crystalline lens. In its most

primitive condition the visual organ consists simply of an entirely
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retinal or pigmented invagination, still widely open to the exterior,

whose epithelial cells are covered by a layer of rods, but the

crystalline lens and vitreous body are altogether absent : this con-

dition is realised in the Docoglossa. In a more advanced stage of

specialisation the margins of the invagination become approximated,

so that the ocular cavity, whose walls are pigmented throughout

their extent, retains a small external aperture, through which water

is admitted to bathe the crystalline lens : this condition may be

seen in certain Khipidoglossa, viz. ricurotomnrin, the Haliotidae, the

Trochidae (Fig. 100), the Stomatellidae, and the Dclphinulidae.

Finally, the aperture of the ocidar cavity is closed, and the crystal-

line lens is covered in by two superimposed transparent epithelial

layers, separated by a transparent layer of connective tissue. These
two layers are (1) the internal cornea or " pellucida," a layer of

small extent which is simply the anterior continuation of the

retina, the two together forming the internal wall of the ocular

sphere ; and (2) the cornea proper, which is external, and continu-

ous with the tegumentary epithelium. This form of eye is found

in all the Khipidoglossa, with the exceptions mentioned above. In

most other Gastropods the structure of the eye is practically the

same as in the Rhipidoglossa Avith a closed cornea, with this differ-

ence, that the pellucida is more and the pigmented retina propor-

tionally less extensive. The retinal area becomes more and more
restricted in proportion as the eye becomes more specialised

—

c.fj.

the Heteropoda—or ceases to be functional, e.g. Guivillea. There

is often a blood space above the pellucida, as may be seen in

Doliutn, the Heteropoda, the Elysiomorplia, and the Basommato-
phora. As regards the function of the eyes, it has been experiment-

ally demonstrated that aquatic Gastropods are incapable of dis-

tinguishing the form of objects, while the terrestrial species ai'e

able to distinguish them at a distance of one or two millimetres.

The eye becomes rudimentary when it is buried in the integuments
;

and further, it diminishes in size, though retaining its pigmenta-

tion, in the following burrowing Gastropods : several Naticidae

(Natica alderi, Amaiira, etc.), various Bullidae {Scaphander, Philine,

Jjoridium, Gasfropteron, etc.), the Pleurobranchidae, many Nudi-

branchs, and some Pulmonates, viz. Siphonaria, Aurimla midae,

and A. judae. The eye may also become rudimentary through loss

of its retinal pigment, while still retaining its superficial position :

this is the case in species living in situations beyond the reach of

the light, whether tliey be abyssal species {Guivillea) or inhabitants

of subterranean waters {Bit/n/nia. 2^6ll^icidu). Finally, regression

may be carried so far that the eye, as a consequence of functional

disuse, is wholly wanting in the adult state. This i)henomenon

may be seen in burroAving forms, such as various Naticidae, sundry

species of Tcrchra, the Olividae {Olirella, Agaronia, Ancillaria), certain
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Marginellidae and BuUia ; in subterranean Pulmonates, such as

Caecilianella and Helix haiiffeni ; in abyssal Gastropods, such as

Lepeta, Propilidiuin, Bathysciadhim, Fnndiirella, Cocculina, a species of

Eulima, Choristes, Oocorys, some species of Fossarus, Addisonia, a

species of Chrysodonms, Pleurotoma nivalis, Bathydoris, and Gonieolis

;

in internal parasites, such as the P]ntoconchidae and Ento-

siphon ; among pelagic Gastropoda in Janthina and the " Pteropoda."

Fici. 101.

Eye of Pterotrachea. A, tlie whole left eye. I, retractor muscle; II, optic nerve; III,

carina; IV, the pellncida, or inner cornea, lacerated in oriler to show the lens; V, lens; VI,
ontline of tlie pellucida. JS, sagittal section of the deeper part of the eye. I, lens; 11,

vitreous body; HI, limiting membrane; IV, retina; V, carina; VI, optic nerve; VII, retinal

rods on their stands ; VIII, retractor muscle : IX, pigmented epithelium. (After Grenadier.)

In addition to the cephalic eyes, certain species of Oncidiidae

(Peronia) possess a large number of pallial eyes, situated on tubercles

on the dorsal surface. Structurally these organs are character-

ised by the fact that the retinal cells are reversed and their free

ends are directed towards the interior of the body, the optic nerve

traversing the retina, just as is the case in the vertebrate eye. The
optic cavity is tilled l)y a crystalline lens formed of a few large

transparent cells. Another example of a pallial eye is found in

Cerithidca ohtum ; in this case it is single, situated in the interior of
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the respiratory cavity at the anterior extremity of the osphradinm,

and in it also the optic nerve traverses the retina.

G. llcproducfive Organs.—The Streptoneura are dioecious, with

the exception of the genera BafhiisriatHum, Coccidina, Valmta, Mar-

senina, Oiicidiojisis, Odostomic, Etiiosiplion, Eiituroncha, and Eideroxenos.

All the Euthyneura are monoecious.

In the dioecious Gastropoda sexual dimorphism is generally

very slightly marked. The males are externally recognisable only

by the penis, when this organ exists ; their shape, however, is more

elongate than that of the females, and their greatness is often smaller,

as, for instance, in llhipidoglossa, Paludiwi, Liftorina, various sjiecies

of Crepidula, Plcurotoma, etc. : the most tj^pical case in tliis respect

is that of Lacuna jyallklula (Fig. 7), in which the females are on

the average ten times as heavy as the males. In addition, sexual

differences are sometimes found in the aperture of the shell (Littorina

(ihtuMita), in the operculum (some species of Cerifhium, Quoy and

Gaimard), in the radular teeth (certain Buccinidae, Troschel), in

the absence of the pedal sucker in the female Ptcrofradira, of ten-

tacles in the female of some Firoloida, and of the slit in the mantle

in the male Vcrmetvs.

The gonad is always vxnpaired, even in the most archaic Aspido-

branchia. It is generally placed on the dorsal side and at the

summit of the visceral mass. It has the form of a racemose gland,

made up of a great number of acini, and it may be compact or

arborescent, with ramifications extending over and into the liver

mass. In Aspidobranchia such as Pleurotonwria, the Trochidae, and

Fissurellidae the gonad opens into the i^eno-pericardial duct, in the

same manner as in some protobranchiate Lamelliln-anchs, viz.

Solenomi/a. In all other Aspidobranchs, except the Neritacea, the

gonad discharges into the kidney. In the Neritacea and Pectini-

branchia the reproductive apparatus always possesses its own proper

orifice, and there is a genital duct of greater or less length, which,

however, is incompletely closed in various Melaniidae, Cerithiidae,

Turritellidac, and Vermetidae. This duct opens into the pallial

cavity to the right of the intestine in both sexes in the Ampul-
lariidae, and in such forms as have not acquired a penis, that is to

say, besides the four families mentioned above, in the Capulidae,

Hipi)onycidae, and Solariidae. In all forms the male duct or

spermiduct differs from the female duct or oviduct in the fact that

it terminates in a copulatory organ (Fig. 99, XI). In its less special-

ised form the spermiduct is continued into a seminal furrow or groove

(Fig. 85, r.d') which extends fiom the primitive genital orifice to

the extremity of the penis, and is cajjable of being closed for part

of its course, remaining open only in the neiglil>ourhoo(l of or on

the penis. This condition is found in a large number of Tacnio-

glossa, viz. Aiiipnlhnia, the Littorinidae, Modulidae, Struthiolariidae,
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Chenopodidae, Cassididae, Doliidae, Trotonidae, Naticidae, Cyp-

raeidae, Calyptraeidae, Xenophoridae, Strombidae (Fig. 75, s.gr) ; and

in some Stenoglossa, viz. the Muricidae, Magilus, Foluta, Lyria, the

Harpidae, Terebra, and in all the Hcteropoda. In all other forms,

that is to say, in a certain number of Taenioglossa and almost all

the Stenoglossa, the spermiduct is closed in for the whole of its

extent and the penis is hollow (Fig. 44, h). Thus the male orifice is

secondarily removed to the extremity of tlie penis, and consec{uently

is at a considerable distance from the primitive position of the

genital aperture, a position which is retained by the female aper-

ture. A penis exists in the Neritacea among the Rhipidoglossa,

and in all the Pectinibranchia, with the exception of those families

of the Taenioglossa enumerated above. When it does not exist

copulation cannot take place, and the ova are fertilised in the sea

by contact with the spermatozoa emitted by the male. The penis

exists only in a rudimentary form in sedentary species, but in all

others it is a well-developed, non-invaginable excrescence, situated

on the right side of the anterior part of the body, except in cases

of situs inversus, when it is on the left. All the aerial Streptoneura

are necessarily provided with a penis, since in them copulation is

indispensable. But the penis is not homologous throughout the

group; it is developed at different parts of the body, at the point

where the spermiduct ends. Thus the Xeritacea have a cephalic penis,

as has also J'tdiuliua, whose penis is a part of the right tentacle. In

the Ampullariidae and Cyclostomatidae the jienis is developed from

the mantle, but in all other forms it is exclusively of pedal origin.

Sometimes it is provided with an external wliip-like appendage or

flagellum : such is the case in many Taenioglossa, viz. nearlj' all

the Littorinidae except CremnocancJms, in Dolium, and especially

in Ilijilrohia, Jjiflii/niu, the Xaticidae, the Lamellariidae, and the

Heteropoda.

The genital ducts are rarely provided with well-differentiated

accessory organs in the dioecious Gastropoda. In certain cases there

is a glandular tract in the oviduct, which is sometimes specialised

to form an albuminiparous gland (Avijmllaria, Pahulina, the

Naticidae, Lamellariidae and Calyptraeidae, Trifon and Cassidaria).

There is a copulatory pouch or receptaculum seminis in the

Neritacea, Paludinidae, Cyclostomatidae, and Heteropoda. In some

Neritacea—viz. Ncritina, Nerita, XarirrUa, etc.—the receptaculum

has its own external opening distinct from the oviducal aperture

;

this probably corresponds with the right kidney of other Rhipido-

glossa, which in this case has been lost by the male sex (Thiele).

In some freshwater Taenioglossa, e.fj. Tanciaujiina (Fig. 78) and

Mehuda, ('pisrup(di'^ {y'vj:,. 109), the oviduct is continued into a ciliated

groove which leads to an incubatory pouch situated in the head

;

this pouch has been homologised Avith the penis by Moore. The
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males of Ampullaria and the Heteropoda also possess a -vesicula

seminalis, and the penis frequently is furnished with Avell-marked

superficial glands (Littorinidae, Cassis, Terebra, and the Heteropoda).

In some Taenioglossa, such as Paludina and Pteroccras, and in

several Stenoglossa, such as Murex, Nassa, Purpura, etc., there are

two kiTids of spermatozoa, the one normal and filiform, the other

vermiform ; the function of the latter kind is not yet explained.

In Paludina, for example, these two kinds of spermatozoa exist in

equal quantities, but the filiform kind, Avith a single cilium,

originate from spermatids which have increased but little in size

during the growth period, and contain the normal quantity of

nuclear substance : these are the eupyrenic spermatozoa of Meves.

The vermiform spermatozoa, on the other hand, have about six

cilia apiece, originate from spermatids which have increased largely

Fig. 102.

Follicles of the lierniaphroditfi gonads of EutliynMira. A, of Helix; B, of Kolis. u, ova;
h, developing spermatozoa ; c, common etTerent duct. (From Lankcstur, after Gegenbaiir.)

in size during the growth period, and contain only a small quantity

of nuclear substance : they are known as oligopyrenic spermatozoa.

In the monoecious Gastropods the gonad ordinarily occupies

the same position and has the same relations as in the dioecious

Streptoneura, but it may be much more subdivided, especially in

certain Nudibranchs, viz. Plujllirho'c (Fig. 161, y) and Elysiomorpha.

It has always a duct with its proper external orifice and a penis

which is invaginaV)le in most Euthyneura, but this latter organ is

absent in hermaphrodite parasitic Streptoneura. The gonad differs

from that of the dioecious Streptoneura in jiroducing ova and

spermatozoa in the same individual. In the most simple arrange-

ment the two kinds of genital products are developed side by side,

as may be seen in Vakata and in the majority of the Tectibranchia

and Pulmonata (Fig. 102, A). In the more specialised condition

there are male and female acini, the latter opening into the

spermatogenous sacs in Onridiopsis, the Pleurobranchidae, the

majority of the Nudibranchia (Fig. 102, 15), with the exceptii»n of
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the Elysiomorpha. Entoconcha, Enfcroxenos, and Butltysciudium are

the only genera in which the male and female acini are quite

distinct. In its most primitive condition the genital duct is

hermaphrodite, tliat is to say, it is a spermoviduct throughout its

length, and is therefore called monaulic. It generally is provided

Avith an internal double longitudinal fold. The hermaphrodite

aperture is situated on the right side, near the opening of the

pallial cavity, and is connected by a ciliated seminal groove with

the more anteriorly situated penis. This condition is found in the

Bullomorpha (Fig. 98, s.g) in general, including the Thecosomata ; in

the Aplysiomorpha (Fig. 154, i), including the Gynmosomata (Fig.

84, IV, XI); and in the Pulmonata Pythia (Fig. 171). The edges of

this seminal groove unite to form a complete tube in Cavolinia longi-

rostris among the Bullomorpha, and among the Pulmonata in all the

Auriculidae except Pythia, and as a consequence the primitive

genital aperture serves only for the emission of the female pro-

ducts, the male products passing through a spermiduct closed

throughout its extent. In subsequent stages of evolution of the

genital duct the spermiduct takes its origin from the hermaphro-

dite duct above the external opening : this latter duct, therefore,

bifurcates or becomes " diaulic," the female branch of the duct

opening by the primitive hei'maphrodite orifice. This condition is

characteristic of Valvata and Oiicidiopsis (Fig. 103), of Adaean and

Lohiger among the Bullomorpha, of the Pleurobranchidae and the

Nudibranchia except the Doridomorpha and most of the Elysio-

morpha, and of the Pulmonata. At the point of bifurcation the

male and female sections of the duct are separated by a narrow

slit, which only allows the spermatozoa to pass. In this case

therefore, as in the dioecious Gastropoda, the female orifice

remains in the same place as the primitive genital aperture, and

the male orifice is carried far forward, to the extremity of the

penis. The two external orifices, male and female, are thus at some

distance from one another, as may be seen in Valvata, Oncidiapsis

(Fig. lO'i, f.o, 2)e), the Basommatophora in general, the Oncidiidae

(Fig. 59, o.f, o.m), and Vaginnla (Fig. 87, o.f). But the female

aperture itself may be secondarily shifted from its original position,

and come so near to the penial aperture as to be contiguous to it,

a condition found in the Pleurobranchidae and the Nudibranchs in

general ; or the two apertiires may reunite in a common cloaca, as

ill the Stylommatophora (Fig. 177, II), Siphonaria, and Amphitwla.

Ill these various cases the female duct, like the hermaphrodite duct

of the monaulic forms, bears a bursa copulatrix or receptaciilum

seminis, which in certain stylommatophorous Pulmonates, such as

Helix aspcrsa, Clausilia, etc., is provided with an accessory branch

(Fig. 104, n.s).

A third difierentiation of the genital ducts is brought about
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when the female duct becomes bifurcated through the separation

of the bursa copulatrix, the latter acquiring a separate external

aperture but remaining in connection with the oviduct by its

deeper extremity. In this manner two female orifices are

formed ; the one is the copulatory orifice, the other is the

oviducal orifice serving for the passage of the ova. The genital

duct is thus trifurcated or " tri-

aulic," a condition which is not

found in any Pulmonate, but is

confined to certain Nudibranchs,

viz. the Doridomorpha and the

majority of the Elysiomorpha

(Fig. I or,).

Fig. 103.

Oncidiopsvi, herniaplirodite genital
apparatii», dorsal view, a.g, albumini-
parous K'and ; /•", female orifice ; y.ij,

herniaplirodite gonad ; j>e, penis ; jir,

prostate ; r.s, receptaculum seminis

;

so, spermoviduct ; sp, sperniiduct ; s.i;

seminal vesicle.

Fio. 104.

Herniaplirodite reproductive appara-
tus of Helix horten.sh. d, digitate acces-
sory glands on the female duct ; EM,
albumiuiparous gland

; fl, flagellum
; p,

penis; p.s, calciferous gland or dait-sac
oil the female duct: U.s, receptaculum
seminis or spermatheca, ojiening into the
female duct ; u, uterine dilatation of the
hprniaphroditic duct ; v.d, sperniiduct or
vas deferens ; v.e, hermaphroditic duct

;

:, ovo-testis. (From Ray Lankester,
after Gegenbaur.)

The penis is invaginable in all the Euthyneura with the

exception of AcUteon (Fig. 148, VI) and Umbrella. It is a pedal

structure in nearly all Opisthobranchia, but in Umbrella it is

cephalic. In the majority of Pulmonates the penial nerve arises

from the cerebral ganglion, but the fibres of the nerve originate

from the pedal and only traverse the cerebral ganglion. In

monaulic .species the penis often bears an appendage, and
occasionally chitinous accessory structures : there is a single

stylet in several species of Flanorbis, in Glaxicm, and many other
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Nudibranchs, the stylet being contained in a special poucli in

certain species of iJoris : in some other Nudibranchs there are

multiple stylets.

In addition to the bursa copulatrix, there are numerous and
various accessory genital organs in the hermaphrodite Gastropoda.

An albuminiparous and a mucous gland are found on monaulic ducts,

generally near their distal end (Fig. 171,

inuc). In the diaulic Pulmonata there

is a large albuminiparous gland on the

hermaphrodite section of the duct (Fig.

104, I^.d), and on the female part of the

duct of Basommatophora there is an

albumen gland corresjionding to the

uterine glands of Stylommatophora (Fig.

104, u). The diaulic and triaulic Opis-

thobranchs have also contiguous albumen
and mucous glands on the oviducal part

of the genital duct. The terminal portion

of the oviduct of Stylommatophora is

further provided with a glandular zone

(Zonites), or with two multifid vesicles

with a variable number of ramifications

(Fig. 104, d). Opening between the

rrv(^

Fin. 105.

Liiiiapontia, reproductive appara-
tus, dorsal aspect, a.d, aibuiiiini- two is a Special Douch—Seemingly a
parous duct; a.g, albuminiparous ... , i.-o ^ ^ i-i ,

gland; h.d, iieruiaidiroditic duct; Specialised multind vcsicle, which secretes
fc.g, ovo. testis; m.;/, mucous ovi- «V,nr-n pnlmrpniis Aart {V\(r 1 Oi. r) «^
ducal gland; o.o, oviducal orifice ; '^ SUarp CaiCareOUS Uai t ^^rlg. i Ui, p.S).

ov, oviduct;
J), penis; ;)r, pros- Before copulatiou the dart-sac is evagin-

tate ; c.s-, receptaculum scnnnis ; sj),
'

• i n i
•

i

spermiduct; ra, vulva. ated together Avith all the terminal

part (vestibule) common to the repro-

ductive organs, and the dart, Avhich is caducous, pierces the

skin of the conjugate. The spermiduct is sometimes furnished

with a more or less elongate " prostate " gland, as in Valvata,

Oncidiopsis (Fig. 103, ]»), various Bullomorpha and Elysiomorpha
(Fig. 105, pr). The penis of certain Stylommatophora is provided

with a long hollow caecum, the "flagellum" (Fig. 104,/), in the

interior of which is secreted the spermatophore or capreolus.

This is a thin-walled chiiinous tube closed at one end and cleft

at the other and filled with a quantity of sperm. When there is

no flagellum the spermatophore is formed by the deeper portion

of the penis. Sometimes the spermatophores are furnished with

denticulations and even Avith arborisations (Fig. 106).

The hermaphrodite gland (gonad) does not liberate ova and

spermatozoa simultaneously, the discharge of the former occupying a

very short time after copulation. Generally speaking, the hermaph-

roditism is protandi'ic, the spermatozoa lieing the first of the

genital products to come to maturity. This hermaphroditism is
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not self-sufficient, and the union of two individuals is necessary for

fertilisation. There are, however, instances of Pulmonates which
have been insolated from the time of birth and have nevertheless

laid eggs which have developed (Zonifes cdlarius, Limnaea). In all

species possessing a penis, fertilisation is ettected by copulation

;

in species without a penis

—

e.g. Patella— artificial fertilisation

is possible. During the venereal act the penis is thrust into

the bursa copulatrix, Avhen this latter structure is present, and
discharges into it a quantity of sperm which subsequently fertilises

the ova diu-ing their passage down the oviduct. Copulation and
the act of oviposition that follows it take place at various seasons.

In temperate regions they continue from early spring onwards,

extending even into the winter, as is the case in Patella in the

Kic. 10".

Fig. lOG.
Two Limnaea stagnalis in copulation,

Sperniatophore of Nanina the left one acting as male. I, tentacle
wallacei, magnified. (After and eye ; II, penis ; III, foot ; IV, buccal
Pfeffer.) veil. (After Stiebel.)

Atlantic and Trochiis striatus in the Mediterranean. In the

stylommatophorous Pulmonates with a common genital orifice, the

two copulating individuals mutually fertilise one another, each

one acting as male and female, and the same is the case in the

majority of Nudibranchs. In the hermaphrodites with distant

genital apertures the same animal may act as male and female,

but as a rule not simultaneously, unless, indeed, it unites with

two or more individuals to form a chain, as may be seen in

Limnaea, the Aplysiomorpha, etc. The copulation of two
individuals is eftected in the same manner as in the dioecious

Gastropoda (Fig. 107).

III. Embryology.

The eggs may be laid or may develop within the maternal

organism. In the oviparous species that do not copulate, the

9
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unfertilised ova are generally laid one by one and are not united

by an accessory envelope (Patellidae, Halioth, certain Trochidae of

the sub-genera Gihhnla and Trochocochlea), but in Fissurella and in

Trochidae of the sub -genus Zizyphinm they are united by a

gelatinous investment. In the species that copulate the ova are

dejDOsited within a few days after the act of copulation, the time

varying from one day in sundry Nudibranchs to as many as fifteen

days in some species of Helix. The nidus may assume very A^arious

shapes. In aquatic species the shells surrounding the eggs may
be embedded and united in a single gelatinous mass, which may be

ribbon-shaped, more or less coriaceous, attached in littoral sj^ecies,

floating in pelagic species. This is more especially the case in the

Euthyneura—viz. in the Basommatophora and Opisthobranchia, in

Avhich the ribbon is often coiled into a spiral—and also in many
Taenioglossa (Littorinidae, Rissoidae, Hydrobiidae, etc.). In such

cases each egg-shell contains a single ovum. Again, the egg-shells

may be coriaceous (Rachiglossa), more or less independent, simply

attached to one another (Bucciimm, Fusus, Pyrula), or fixed side by
side on a common support (Purpura, Murex, Nassa, Fig. 108,

Trophon, Voluta, etc.). In this case each shell contains a consider-

able number of ova, but all of them do not complete their develop-

ment. As special forms of nidus may be mentioned that of

Natica, in which the eggs are united by agglutinated sand into a

horny-looking ribbon coiled in a ring ; that of Lamellaria, whose

eggs are deposited in a sort of nest excavated in colonies of

Synascidians. Finally, various forms of Streptoneura attach their

eggs to various parts of their bodies, and
thus appear to be more or less incubatory,

as, for instance, Hipponycidae and Capu-

lidae (in Calyptraca the eggs are attached

below the neck) ; or thej' may attach them
to the external surface of the shell, e.g.

Neritina, Hydrobia iilvae, and in excep-

tional cases Eissoa ; or to tlie internal face

of the shell, e.g. Vermetus (Fig. 45, ov).

In the oviparous Jdnthinae the eggs are

attached to the float (Fig. 135, h).

The stylornmatophorous or teiTCstrial

Pulmouates generally lay in the earth

isolated ova enclosed either in a gelatinous

envelope (Lima.r, etc.) or in a calcified

shell, e.g. certain species of Helix, TestacdUx,

eggs may attain a length of three centi-

metres, thus exceeding in size the eggs of many birds. The eggs

of Ampullaria have also a calcified enveloj)e ; they are laid in

the water and are agglomerated together. When Succinea lays its

EKS-capsule of Nassa reticulata,

: 12. 0, aperture ; ov, eggs.

etc. In IIuli))i-ut< these
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eggs in the Avater it surrounds tliem with a gelatinous mass, like

the basommatophorous Pulmonates.

In the ovoviviparous Gastropoda the progeny are born living

after undergoing their development within the parent. They
develop in the terminal portion of the oviduct in the following

Streptoneura : Faludina, Typhohia ; various species of Melanin

(Fig. 109), Littorina, Cijmha, Janthina, Kassopsis, and the Entocon-

chidae ; in the Opisthobranch Ilaloji^i/che ; and in numerous Pul-

monates—viz. Glandina algira, IiJujtida aequalis, Selenitcs voymms,

Helix rupestris, H. inversicolor, H. inaequalis, H. unidentata, H.
eironea, H. studeriana, Patula cooperi, Acantldmda haipa, the genera

Fartula, Balea, Coeliaxis, Pupa muscoriim, P. umhilicata, P. cylindracea,

Clausilia rentricosa, C. similis, Achatina alabaster, and A. zebra,

Stenogyra mammillata (Fig. 8), S. odona, S. terebraster, S. domini-

ciensis, S. decollata, S. kunellata, Fentssacia follicnhis, F. lamelUferay

Fio. 109.

Melania episcopalif:, out of its shell, showing the female genital apparatus, right-side view,
a, anus ; b.o, brood-pouch opening ; 6.;), brood-pouch ; /, foot ; g.gr, j;enital ciliated groove ;

g.o, genital orifice ; m, mouth ; oc, eye ; oil, oviduct ; op, operculum ; or, ovary. (Afti'r Moore.)'

F. procerida, F. debdis, Vaginula vivipara. The embryos develop in

a special incubatory pouch excavated in the interior of the foot

and connected with the extremity of the ciliated canal which passes

from the female orifice to the head in Melania episcopalis (Fig. 109,

b.p.) and Tangauyicia rufofilosa (Fig. 78, b.p).

In viviparous Gastropods the ovum contains but little yolk,

but in other forms the quantity of deutoplasm is greater, and is

especially large in a number of Eachiglossa, such as Nassa, etc.

The segmentation of the ovum is always total, and, except in cases

in which the deutoplasm is scanty {PalmUna), it soon becomes
irregular. As a rule in Aspidobranchia, Taenioglossa, and Pul-

monata, the two first cleavage i)lanes are meridional, the first

separating the right and left halves of the future animal. The
third cleavage is equatorial and- cuts oft' the micromeres at the

animal pole from the macromeres at the opposite pole, so that, as

a rule, there are four macromeres from the beginning (Fig. 9, A, B).

These macromeres give rise to two more generations of micro- or
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ecto-meres, and the latter proliferate very rapidly. In such forms

as Patella, FlanorUs, and Livmx, the blastula formed in this manner

Fio. 110.

Development of the river-snail (I'aludina invijinra), in which the mouth and storaodaeum
are formed indepemlently of tlie blaslojiore, tlie latter persisting as the amis, ac, archenteroii,

or endoderniic cavity ; an, anus ; W, Idastopore ; d.c, directive or polar corpuscle ; d.r, velar

area or cephalic dome; /, foot; m, moutli ; mrs, rudiments of the mesoderm; p.i, pedicle of

invagination, tlie future rectum ; sh.yl, the shell-gland ; s.m, site of the as yet unformed moutli

;

rr, velum. A, Gastnila phase (optical section), li, the Gastrula has become a Trochosphere
by the development of tlie ciliated velar ring (optical section). (', side view of the Trochosphere
with commencing formation of the foot. D, further advanced Trochosphere (oiitical section).

E, the Trochosphere passing into the Veliger stage ; dorsal view showing the formation of the
sliell-gland. F, side view of the same, showing foot, shell-gland, ^elllnl, mouth, and anus.

(After Lankester.)

contains a large blastocoel between the micromeres and macromeres,

but in other Gastropods this ca\ity is much reduced. In some
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types such as Paludina, Planorbis, etc., the endoderm formed by the

macromeres is invaginated into the ectodermic layer formed by the

microraeres, but in many cases, in consequence of the far more rapid

multiplication of the micromeres and the much larger size of the

macromeres, gastrulation is effected by ei)iboly, and the endoderm is

invaginated at a later period ; in this case the endodermic cavity

or enteron is of small size. In most cases the blastopore closes,

and the definitive mouth is formed by a new iuA^agination at the

point of closure : it is only in Pahidina that a portion of the blasto-

pore remains open and becomes the anus (Fig. 110, C, hi; F, an).

The mesoderm is formed as two primary mesomeres from the more
posterior of the two primitive macromeres (Fig. 11, mes). The
mesodermic organs (definitive kidney, heart, etc.) do not arise until

a late period, their place being taken, during the development,

by provisional larval organs,

such as superficial contractile

sinuses and larval kidneys

(Figs. 11 4, 118).

The ciliated trochosphere

larva is sometimes consti-

tuted at a very early period,

before the formation of the

mesoderm— e.(j. in Patella,

Acmaea, and Trorhus—and in

such cases the embryo be-

comes free at once. But in

most cases the larva is not

p-a^c

Fid. 111.

Young veliger of Tioclnm, ven-
tral aspect. /, foot ; vi, mouth ;

7x1, mantle; pa.i; i)alliiil cavity :

.vA, shell; IV, velum. (After
Robert.)

Fif:. IIL'.

I/arvaof Cfirnllnia trvlrntata, ventral aspect.
n, anus; /, Tuedian portion of the foot; /i,

heart; i, intestine; Kn, contractile sinus;
m, mouth ; mh, mantle-skirt ; rtu; subpallial
chamher ; ot, otocyst

;
pn, lateral lobe of the

foot (the future left lln) ; 7, shell ; r, kidney ;

s, oesophagus; <r, sac containing nutritive
yolk. (P'rom Lankester, after Kol.)

hatched out until a much later period, and a large part of the

development is effected within the egg envelope. The larva—whose
shell is often difVercnt from that of the adult— is characterised by
its velum and by some other external or superficial larval organs.
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The velum is the locomotory ciliated ring, which arises antero-

dorsally (Fig. 110, C, rr') and circumscribes the apical area. As in

the Amphineura, it is only slightly prominent in the most archaic

marine Aspidobranchia {PateUa, Fig. 14, Acniaca, Troclius, Fig. Ill,

ve), but in other Gastropods it becomes more and more prominent,

and eventually gives rise to a natatory velum formed of two

lateral lobes with ciliated margins (Fig. 112). These lobes may
in turn be subdivided into two (Fig. 121, xe) or three secondary

lobes (for example, in Atlanta and in " Ethella," a larval form

attributed to one of the Strorabidae). In viviparous species, or in

forms like Cenia and the Pulmonata, in which the young are

Fi.;. 113.

Trochosphere of PntcUa, in the 3-!lh hour. I, tlagellujii in the ajiical area ; II, left lip of the
blastopore ; III, blastopore ; IV', velum. (After Patten.)

hatched in the adult condition, the velum becomes rudimentary or

disappears altogether ; in the Basommatophora (Fig. 119, A) it is

developed to a slight degree, but only on the sides, and is not con-

tinuous ; in the Auriculidae, Siphonariidae, and Oncidiidae, however,

all of which are marine, a normal A'elum is present.

The foot is always very short at first (Fig. 1,/), being repre-

sented by a mere papilla, which in sundry instances is formed from

two paired rudiments (Fig. 113, II) situated between the two ex-

tremities of the primitive blastopore when this latter structure

is elongated. The ojicrculum is formed early, and exists in all

testaceous larvae, even in cases in which the adult possesses neither

shell nor foot : the only exceptions to this statement are the

Pulmonata (excepting the Auriculidae, the Amphibolidae, and the



THE GASTROPODA

Siphonariidae), the Cavoliniidae, and the Gymnosomata. The
pedal glands are formed by ectodermic invaginations, and in some

species exist in the larva though they are absent in the adult

{Fxirpxira).

The preconchylian invagination or shell-gland (Fig. 110, i^lujl)

appears at the beginning of development in the centro-dorsal area

behind the velum, on the side of the l)ody opposite to the 1)lastopore.

It is surrounded by a ridge which gradually extends over the visceral

sac and secretes the shell (Fig. 117, sh). In some Stylommatophora

—viz. Claitsilia and Succinea, a pallial sac is formed which covers up
the shell, but eventually opens again. The shell grows in thickness

internally, fresh matter being added to it from the external surface

of the mantle, but its increase in extent is dependent on the

activity of the border of the

mantle, where there are special

glands which degenerate when the

animal reaches the adult state.

It is only at this period that the

aperture of the shell acquires a lip,

Fig. 114.

Embryo of Vermetus, ventral
aspect. I, velum ; II, contractile
sinus ("embryonic heart"); III,

opening of the pallial cavity ; IV,

shell ; V, foot ; VI, left eye. (After
Salensky.)

Fig. llu.

Larval shell of Nassa icticiilaia,

ventral aspect, x 30. h, hook of
the doi-sal edge of the aperture ; si,

future canal or shell-siphon ; fp,

spire.

or is contracted in various ways to form, for example, the linear

aperture of Cypraea, Cavolinia, etc. In Gastropoda that are naked

in the adult state, the shell falls off soon after the reduction of the

velum (Fig. 116), but in Cenia, Buncina, and Faginula the shell-

gland and shell are not developed, and the young animal, at the

time of escaping from the egg, has already the naked form of the

adult.

The superficial contractile sinuses are jwrtions of the wall

of the body, temporarily modified to ensure the circulation of the

nutritive fluid in the system of cavities destined to become the

circulatory apparatus of the adult. In the walls of these sinuses

are muscular elements, whose fibres are sometimes disposed in

regular meshes, as, for example, in the nuchal sinuses of the

Rachiglossa. These organs are acquired in the course of ontogeny,

and are developed in different regions : tjiey are frequently found
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between the foot and anus, in front of the pallial cavity, e.g.

Helix, Bithjnia, Fermefus, the Eachiglossa, and nearly all the marine

Gastropoda, including the "Pteropoda," Heteropoda, and Nudi-

FlG. 110.

Larvae of Kolis (GaJvina) crigva. A, on the .spcoikI

day, left-side view. I, radtila; II, foot ; III, otocyst

;

IV, oi)ercuhnii ; V, shell. L, on tlie third day, aftf?r

the loss of the shell, dorsal asiiect. I, eye ; II, left

liver lobe; III, foot; IV, anus; V, octocyst ; VI,

radnla. (After Schultze.)

branchia. This sinus is displaced, together with the pallial aper-

ture, along the right side towards the neck (Fig. 114, II), and

finally is partly contained in the pallial cavity. In the Basom-

matophora there is a velar dorsal sinus, and in the Stjdommatophora,

'wZ

Helix aspersa, emoryo of the tenth day, right-side view, coq, shell ; o.ca.c, external opening
of the cerebral cavity

; p, foot ; j)o, mantle ; po, contractile vesicle or podocyst ; te", the true
tentacles ; W", labial palp ; vit, vitelhis.

Avion, Liviax, Clausilia, Helix, etc., but not in Succinea, there is a

caudal vesicle, known as the pedal sinus or podocyst (Fig. 117, 2^0).

The larval kidnej^s are paired and generally symmetrical organs

situated at the anterior end of the body, immediately behind the

velum or apical area. In the marine Streptoneura the}' arc caducous

ectodermic projections, in which the products of excretion are
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accumulated. In the Opisthobranchs they are closed pouches ; in

Palmlina, Bithi/nia, and the Pulmonates they are canals opening to

the exterior. In the last-named group these organs consist of tubes

of ectodermic origin, each of which bears an ampulla on the middle

of its course, and its internal portion is formed of perforated cells

and ends internally in a closed flame-cell. In the Basommatophora
(Fig. lis, re) these cells of the larval kidney are four in number,

three being perforated and one a flame-cell. These organs are

absent in Vaginula.

The nerve-centres and organs of special sense originate from the

ectoderm, almost ahvays from an ectodermic thickening on the buccal

side of the apical organ of the larva {Crepidnla), but in Vennetus and
the Cavoliniidae an ectodermic invagination has been described as

taking part in the formation of each cerebral centre. Again, in the

Fig. us.

Embryo oi Livinuea stagnaliK, viewed from the right side, o, anus : eg, cerebral ganglion ;

/, foot; in, intestine; m, mouth; o.r, aperture of the embryonic kidney; pa, mantle; i-a,

radttla ; re, embryonic kidney ; sh, shell ; st, stomach ; vi, vitellus. (After Erlanger.)

Pulmonates, even if the principal part of the cerebral centres is formed

from an epithelial thickening, the posterior accessory lobe origin-

ates from a subsequent ectodermic invagination (Fig. 117, o.ca.c)

—the " cerebral tube "—the cavity of which generally disappears

after the animal is hatched out, but persists in the adult Flanorbis

and Limnaea. The eyes arise in the velar field, near the cerebral

centres, and are formed by invagination in the Aspidobranchia,

Paliulirui, the Stylommatophora, etc., but from thickenings in

Ferraetus, and frequently after the veliger larva is hatched, as, for

e.xample, in many Xudibranchia, with the exception of the Tergi-

pedinae (Fig. G 1, ^). The otocysts are ahvays formed at an early stage,

on the antero-lateral aspects of the foot, by invagination in the

majority of marine Gastropods, but from ectodermic thickenings in

many Pulmonata. At first they invariably contain a single otolith,

even in the species which in the adult state po-ssess multiple

otoconia. In pelagic larvae the otocysts may often be seen to be

asymmetrical, and sometimes the tentacles share this peculiarity
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As regards the formation of the internal organs of the adult,

the stomach, the liver, and nearly the whole of the intestine arise

from the endoderm. The liver lobes are formed before the

absorption of the nutritive sacs borne on the posterior part of

the larval stomach. The proctodaeal invagination, placing the

intestine in communication with the exterior, is always of small

importance, but, on the other hand, the buccal bulb and oesophagus,

with their numerous accessory organs, are formed from an im-

portant stomodaeal ectodermic invagination, which always corre-

sponds in position with the extreme anterior end of the blastopore,

whether the latter is closed or remains open. The remaining organs

are formed in the same manner as in other Mollusca, as has been de-

scribed in the first chapter, and the ontogen}' of the Gastropoda does

Fig. 111).

Embryos and larvae of various Molluscs, after the ventral flexure and before the torsion (for

-i), ventral aspect. A, Gastropod (Limnaea, after Fol) ; B, Pentaliwn (after Lacaze) ; C', Lanielli-

branch (Drnsscnsia, after Meisenlieinier) ; D, Ceplialopod (Oigopsid, after Grenadier), oh,
anus ; or, arms ; e, eye ; /, foot ; /«, funnel

; g, gill ; w, mouth ; ot, otocyst ; jio, mantle
;

2'>o.o,

posterior pallial orifice ;
2>c.(7, pedal ganglion ; sli, shell : ve, velum ; I't, vitellus.

not exhibit any special features other than certain post-larval meta-

morphoses and the torsion produced during development (Fig. 51).

Up to the trochosphere stage the larva is strictly symmetrical

(Fig. 14, B), but afterwards the torsion sets in, as a result of which

the asymmetry characteristic of adult Gastropoda is established.

At first the aperture of the pallial cavity and the anus are always

posterior (Fig. 118), as is the case in all symmetrical Molluscs (Fig.

22, A, B, D, E) ; then they are carried forward by a reniml flexure

(Fig. 119) in the same manner as in the Cephalopoda, Scaphopoda,

and many Lamellibranchia. But in the Gastropods a lateral torsion

is superadded to this primitive flexure, causing the pallial aperture

to pass from the postero-ventral surface (Fig. 51, A) over to the right

side (Fig. 51, B), and thence to the antero-dorsal surface (Fig. 51, C).

If the animal be supposed to have the mouth turned towards the

observer, this torsion may be seen to follow the movements of the

hands of a watch (Fig. 52).
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Post-larval metamorphoses occur in various cases. The velum,

as seen above, disappears, being absorbed by a process of phago-

cytosis. In various genera the operculum falls oft', and so also does

the shell in naked forms (Fig. 116, B) and in Lamcllaria, in which a

new shell is formed replacing the larval shell or Uchinospira.

It is only in rare cases that a second larval form exists after the

disappearance of the velum and before the adult state is reached
;

this is the case, however, in the gymnosomatous " Pteropods," in

which three transA^erse and parallel ciliated rings are formed before

the fins are completely developed (Fig. 120). The most anterior of

these rings is made up of inter-

rupted portions ; the two others,

on the contrary, are continuous,

and are situated respectively at

the middle of the body and near

the aboral extremity. These two

continuous ciliated circles, and
especially the more posterior, are

preserved till a very late pei'iod,

and sometimes persist in the adult,

whose habits do not differ from

those of the larva (Fig. 155).

Sooner or later after their ex-

pulsion from the oviduct, or after

the nidus is laid, the eggs are

hatched out : after a period of some
twenty hours in Trochua, after ten

days in certain Nudibranchs {Ter-

f/ipes), at the end of eighteen days

in others (Cenui), after three or four

weeks in Lintnaca, after more than

a month in Valrata and certain

species of A Hon and Liinax. It is

i-'ic. 120.

Larva of SjiomjiobraiwlMea austialii,

. 'Antral aspect. '<, iiioutb : o.co, anterior

only in exceptional cases that the ciliated rUin; c.w, miaaie cillate.l rin^S,11 , •,! ^1 f.e.(), ])ost('rlor ciliatfil riii'' ; nu, tin; /»,

young are hatched out with the tv.ot. (Attii Raco\itza.)

characters of the adult, but this

is the case in all the Pulmonates— with the exception of

the Siphonariidae which have a marine veligcr larva—in the

Opisthobranchs Cenia and Runcirui, and in sundry Streptoneura

such as Littorina and Lacuna among the Taenioglossa, and Purpura

and Buccinum among the Kachiglossa. In normal cases the young
Gastropods are hatched out as free-swimming or pelagic veliger

larvae (Fig. CI). This veliger has a very small foot and a more or

less vohnninous velum, the latter organ being smallest in the least

specialised forms, such as Trorhus (Fig. Ill), Patelln, Fissurella, etc,

and is the characteristic hiival form in most opisthobranchiate
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Euthyneura and in the majority of Streptoneura. Even in those

Gastropods that are hatched out in the adult form, the veliger stage

can generally be recognised, in a more or less reduced condition,

within the egg membranes, e.g. in Biiccmiim, Cenia, the basommato-
phorous Pulmonates. In all Gastropods the velum is reduced in

proportion as the foot develops ; nevertheless, in a considerable

number of pelagic larvae the veliger stage is preserved for a long

time, and the velum persists, and often develops excessively long

lobes even after the creeping foot is fully and normally developed

:

such is the case in " Macgillivraya" (Fig. 121), " Agadina," " Chele-

tropis," " Sinusigera," "Echinospira," etc., all of which are special

pelagic larval forms of Streptoneura which were long considered to

Fig. 121.

" Macgillivrayo.," pelagic larva of a siplionate

Streptoneiirous Gastropod (Dolivm), ventral aspect,

X 12. /, foot ; m, mouth ; sh, shell ; si, siphon ; te,

tentacle and eye ; re, lobes of the velum. (After
Mac Donald.)

Fig. 122.

Shell of a young
Purpura haemasUnna,
enlarged, dorsal aspect.
ca, canal of the adult

;

e.s, limit of the embrj'-
onic shell ; sp, spire.

(After Dautzenberg.)

be distinct genera. The velar lobes may even produce lobate

expansions of the margin of the aperture of the shell, but these dis-

appear when the velum is absorbed and the shell assumes the adult

form (Fig. 122).

IV. Definition.

The asymmetry of some of the principal organs of the body is

the chief characteristic of the Gastropoda. The essential feature of

this asymmetry is that the anus generally lies to one side of the

median plane ; that the ctenidiuni, the osphradium, the hypo-

branchial gland, and the auricle of the heart are azygos, or at least

are more developed on one side of the body than the other ; and

that there is only one genital orifice, which lies on the same side of

the body as the anus. In other words, one-half—generally the

morphologically left but topographically right half— of the anal

complex is either atrophied or has disappeared altogether. This

asymmetry, expressed l)y the transfer of the morphologically right
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organs to the left side, is the result of a torsional movement, which

has carried the anus and pallial cavity from an originally posterior

to an anterior position and at the same time has twisted the visceral

comniissure.

Y. Bionomics.

The Gastropoda are essentially aquatic animals, and the more
archaic species are marine. Some species are specially adapted to

brackish Avaters. In fresh waters there are found sundry Strepto-

neura, viz. certain Neritidae, the Ampullariidae, Paludinidae, Valva-

tidae, Bithyniidae, Hydrobiidae, several Cerithiidae, the iSIelaniidae,

Cremnoconchui<, and Canidia ; nearly the whole pulmonate group

01 Basommatophora ; and a single Opisthobranchiate, Ancylodoris.

Finally, the stjdommatophorous Pulmonates and Halicinidae, Cyclo-

phoridae, C3'clostomatidae, and Aciculidae among the Streptoneura

are terrestrial. In some forms that live in torrential streams, or are

subject to being dried up periodically, the respiration is alternately

aquatic and aerial, and the Amphibolidae, Siphonariidae, and Onci-

diidae are examples of Pulmonates that haA^e returned to a marine

existence. The Gastropoda crawl at the bottom of the water, or

on the land, or in a reversed position, on the film of mucus secreted

on the surface of the water by the glands of the anterior groove of

the foot (Basommatophora, Nudibranchia). The Strombidae are

jumpers, and a considerable number of Gastropods are swimmers,

e.g. the Heteropoda—which swim in a reversed position with the foot

upwards

—

Janthina (Fig. 13-5), the " Pteropoda," Phijllirhoe, Accra

(Fig. 147), etc. Some families both of Streptoneura and Opistho-

branchia burrow in mud or sand, e.g. the Naticidae, Bullidae, etc.

Some genera are more or less sedentary, though able to move from
place to place—such are Patella and Bafhijsciadium—but others are

completely sedentary when adult, and may l)e fixed either by the

substance of their shells—such are Fermetus and Magilus (the latter

inhabits corals)—or by a calcareous plate secreted by the foot, as is

the case in Hippo ntp:

The diet of Gastropoda varies according to the group under
consideration. Generally speaking, the carnivorous habit is due to

specialisation, often accompanied by the development of a pro-

boscis. Various forms of Gastropods live and feed on colonial

invertebrates such as Synascidians, Hydrozoa, Anthozoa, and the

like, and to a certain degree mimic these forms. Thus Oimla lives

on Gorgonia, Pedicniaria on Coralliiim, Lamellaria on Leptodinum,

various Nudibranchs on sponges or Hydroids. Some Gastropoda
are parasitic, generally in or upon Echinoderms, and belong either

to the sub-group Capulidae, in which case they are ectoparasites,

and had already acquired this habit in Palaeozoic times (Plati/r,era.<i),

or to the " Aglossa," that is to say, to the little group formed by
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the families Eulimidae (including Stijlifer, parasitic on Asterids,

Echinids, and Crinoids) and Entoconchidae, including Entodphon,

Entocolax, Entoconrlui, and Enteruxenos, all parasitic in Holothurids.

Some thirty thousand species of Gastropoda have been enu-

merated, of which twent}' thousand belong to the present epoch and

are distributed in every region of the globe. Of existing species

more than twelve thousand are branchiate forms. Some marine

species are found at a depth of over 2500 fathoms, and some

Pulmonata live in the Himalayas at a height of nearly 17,000 feet

above the level of the sea. Some freshwater Gastropoda (Hydro-

biidae, Basommatophora) exist at a depth of 180 fathoms below the

surface of certain lakes, e.g. Lake Baikal; others live in subterranean

waters, and some Pulmonates are found in caverns into which the

daylight does not penetrate. Palaeontology shows that these

animals were already in existence in the Cambrian period, at the

commencement of the Palaeozoic epoch.

The size of Gastropods varies from a fraction of a millimetre to

more than fifty centimetres. The largest forms are found not only

among the testaceous species, such as Eusus, Tritonium, Andstromesus,

Stromlms, etc., but also among the naked forms : Tethys, for example,

is more than thirty centimetres in length, and some species of Den-

droiiotus as much as tAventy-five centimetres.

VI. Systematic Keview of the Sub-Classes, Orders, and
Families of Gastropoda.

The class Gastropoda includes two well-defined sul)-classes,

Streptoneura and Euthyneura.

Sub-Class I. Streptoxeura, Spengel

( = Prosobranchia, Milne-Edwards = Cochlides, von Jhering).

These are dioecious Gastropoda, with the exception of a few

aberrant genera, and are characterised by the maximum torsion

exhibited by the visceral mass and visceral commissure, the latter

being always twisted into a figure of eight (Fig. 124, YII, IX).

The right moiety of this commissure is situated above the digestive

tube, and is known as the supra-intestinal ; the left moiety is situated

below the digestive tube, and is known as the infra-intestinal. The
pleural ganglia are often united to the opposite branch of the

visceral nerve by an anastomosis of the pallial nerve, this condition

constituting " dialyneury " (Fig. 1 23, A, di', di") : or there may be a

direct coiniection by means of a longer or shorter connective pass-

ing from the i)leural ganglion to the ganglion borne on the visceral

branch of the opposite side ; this constitutes " zygoneury " (Fig.

123, B, C, -!/', z)j"). Zygoneury is more frequently found on the



Fio. 123.

.1^..^?,"'°"*'
f*'*'^^"",.''^

3 Streptoneurous Gastropods, showing the dialyneurv and 7vconPnrvdorsal aspect A falndma (aft^r Bouvier. .somewhat modided) ; B, Tn<o (alter Sr)- CZ.n,<.//nr,(t (after Bouvier) ob.,j, abdominal ganglion ; /„•.», branchial nerve -c/fl cerebralganglion; c.pc, cerebro-pedal connective ; r.p/T cerebro-pleural connective ,/r dr left aMi.;:ht dialyneurj-; ,., j, mlra-intestinal ganglion ; nt, otncyst
; pa.n, pal iai nerve ,; inedalga„gl,on :;,/.,,, p .Mm.! ganglion

; j.l.j^, pleuro-p..,i;d connective'; ^t.j, .^ 'm'inte^thla ganS"St.:,, ston ato.gastnr ganglion; ri.r, visceral commissure; r^c-; ,n\c'' su pra-i testii a am in^intestinal part of the vLsceral comnnssure ; zy', zy, left and rightlygoileury.
™'
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right side ; the

infra -intestinal

connective passes from the

ganglion, and may have the

right

Fig. 124.

Troclms cinerarius, central nervous

system, dorsal aspect, with the anterior

part of the digestive tract. I, salivary

gland ; II, cerebral ganglion ; 111,

cerebro-pleiiral connective ; IV, pleural

ganglion ; V, right pallial nerve ; VI,

pedal ganglion; VII, supra -intestinal

part of the visceral commissure; Vlll,

posterior part of the glandular oeso-

phagus ; IX, infra - intestinal part of

the visceral commissure; X, abdominal

ganglion ; XI, oesophagus ; XII, radula

;

XIII, supra-intestinal ganglion ; XIV,
osphradial ganglion and branchial

nerve ; XV, left pallial anastomosis or

dialyneury ; XVI, glandular oesopha-

gus ; XVU, left pallial nerve; XVIII,

buccal mass; XIX, cerebro-pedal con-

nective ; XX, stomato-gastric ganglion ;

XXI, snout.

opening to the exterior at

The gonad has no accessory

pleural to the

effect of bringing

the latter ganglion between the two

pleural centres (Fig. 123, C, i.i.fi).

The head of Streptoneura bears only

a single pair of tentacles (Fig. 125, a).

The radular teeth, Avhen there is more

than one on either side of the median

tooth, are of several diiferent kinds

in each transverse row (Fig. 74, C, F).

The heart is almost always posterior

to the branchia. The sub -class in-

cludes two orders, Aspidobranchia and

Pectinibranchia.

Order 1. Aspidobranchia,

These are Streptoneura in which

the nervous system is still but little

concentrated (Fig. 124). The pedal

centres have the form of long gan-

glionated cords, to the anterior end

of which the pleural centres are

attached : the cerebral ganglia are

widely separated from one another,

and are united by a long commissure

lying in front of the buccal mass and

the salivary glands (Fig. 127, c.c).

An infra - oesophageal or " labial
"

cerebral commissure is present. The
osphradium is but little specialised,

and is situated on the branchial nerve.

The otocyst contains numerous oto-

conia. The eye is open (Fig. 100), or

if closed has a very small pellucida.

The central teeth of the radula are

multiplied. Ctenidia are almost

always present ; they are bipectinate

and free at their distal ends (Fig.

81, d). As a rule, the Aspidobranchs

exhibit well - marked traces of the

original bilateral symmetry, having

two auricles to the heart and two

kidneys (Fig. 127), the last named
tlie end of short papillae (Fig. 88, /).

organs and discharges its products into
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the right kidney. In the Neritacea, however, there is only one

kidney, namely, the left kidney, with a slit-shaped external aperture,

and there is a distinct genital orifice, the oviduct being diaulic in

the Xeritidae.

The order Aspidobranchia includes the most archaic Gastropods :

it includes tAvo sub-orders, the Docoglossa and Khipidoglossa.

Sub-Order 1. Docoglossa.

In these Aspidobranchs the nervous system (Fig. 93) is without dialy-

neury, that is to say, there is no anastomosis between the pleural ganglia

and the visceral nerve of the opposite side through the intermediary of

the pallial nerve. The eyes are open and devoid of a crystalline lens.

There are two osphradia, but neither hypobrancliial glands nor operculum.

The mandible is unpaired and dorsal. The radula generally has trabeculi-

forni teeth (Fig. 74, F), and there are at most three marginal teeth on

either side. The heart has only a single auricle (Fig. 82, ««), and neither

it nor the pericardium are traversed by the rectum. The visceral mass is

cone-shaped, without a spire. The sub-order includes about 1400

.species.

Family 1. Acm.\eidae, Philippi. A single bipectiuate ctenidium,

free for the greater part of its extent, is present on the left side (Fig. 82).

Genera

—

Acmaea^ Eschsholtz ; without pallial branchiae ; Great Britain.

Scurria, Gray; with pallial branchiae arranged in a circle beneath the mantle.

Pectinodonta, Dall. Scenella, Billings ; from the Cambrian. Palaeacma,

Hall ; from the Silurian. Family 2. Tryblidiidae, Pilsbry. Muscle

scar divided into numerous separate impressions. Genus

—

TnjhluHuin,

Lindstrom ; Silurian. Family 3. Patellidae, Guilding. No ctenidia, but

only pallial branchiae disposed in a circle between the mantle and the

foot (Fig. 125). Genera—Paie//a, Linnaeus ; the pallial branchiae forming

a complete circle ; no epipodial tubercles ; British seas. Ancistronusus,

Dall ; radula with an unpaired central tooth, which is wanting in Patella.

Nacella, Schumacher ; branchial circle complete ; epipodial tentacles

l)resent. Helcion, Montfort ; circlet of pallial branchiae interrupted

anteriorly, beneath the head ; British seas. Helcioniscus, Dall. Family 4.

Lepetidae, Gray. Dioecious, with otoconia ; the head symmetrical, the

foot elongated ; neither ctenidia nor pallial branchiae present ; a central

tooth in the radula. Genera

—

Lepeta, Gray ; without eyes. Lepetella,

Verrill ; with eyes. Pilidium, Forbes. Propilidium, Forbes and Hanley.

Family 5. Bathysciadidae, Dautzenberg and Fischer. ^lonoecious, with

otoliths ; head provided with an appendage on the right side ; radula

without a central tooth. Genus

—

liathysciadium, Dautzenberg and

Fischer; abyssal (Fig. 126).

Sub-Order 2. Rhii'idoglossa.

Aspidobranchia with a dialyneurous nerve-system, that is to say, with

a pallio-visceral anastomosis (Fig. 124, XV); eyes with a crystalline lens

(Fig. 100, I) ; a single osphradium, except in genera with two ctenidia
;

one or two hypobrancliial glands. Mandibles paired, lateral, liadula
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with very numerous marginal teeth, arranged like the sticks of a fan.

d

Fig. 125.

Patella vulgatu, in its shell, seen from the pedal surface ;
.r, y, the median antero-posterior

axis, a, cephalic tentacle; b, plantar surface of the font; c, free edge of the shell; (/, the

branchial efferent vessel carryins aerated blood to the auricle, and heie interrupting the circlet

of gill lamellae ; r, marfjin oi" the mantle-skirt
; f, gill lamellan— special pallial outgrowths (not

etenidia) ; g, the liranchial etlerent vessel ; h, factor of the branchial advehent vessel ; i, inter-

spaces between the muscular bundles of tlie root of the foot. (After Lankester.)

Oesophagus with a frill, oesophageal glands (Fig. 124, XVI), and a

stomachal caecum, often coiled in a spiral (Fig. 127, sp.c). Heart with

two auricles ; ventricle traversed by the

rectum (Fig. 55) except in tlie Ilelicinidae,

in which there is only a single auricle

and the rectum only passes through the

pericardium. An epipodial ridge on each

side of the foot (Fig. 130, VIII), and

cephalic expansions between the tentacles

often present.

Family 1. Pleurotomariidak.
Visceral mass and shell spiral ; mantle

and shell with an anterior fissure (Fig.

54, III) near the median line. Two
etenidia ; a horny operculum. Genera

—

Pleurotomaria, Defrance ; e])ipodium with-

out tentacles ; two bipectinate etenidia

(Fig. 127). Five living s])ecies from the

Antilles, Japan, and the Moluccas. The first i-ecent species (P. quoyana,

Crosse and Fischer) was discovered in 1856 ; the animal was first

Biithysciadium, ventral aspect, magni
tied, ap, cei)halic appendage; /, foot

711, mouth; i>ii. mantle; jxi.r, pallia

cavity; sh, shell.
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obtained in 1871, in a collection made off the Barbadoes by the

" Has.sler" (A. Agassiz). The Moluccan species is nineteen centimetres

in height. The genus includes several hundred extinct specie?, ranging

from the Silurian to the Tertiary, but is rare in the last named.

^^cissurella, d'Orbigny ; epipodium with tentacles ; right ctenidium mono-

pectinate (Fig. 128). Schismojje, Jeflreys ; the slit at the margin of

the shell is closed in the adult and transformed into an orifice (Fig. 62).

The f(jllo\ving genera are exclusively fossil : Porcellia, Leveille ; Devonian

and Carboniferous. Kokenella, Kittl ; Trias. Ditremaria, d'Orbigny ;

Jurassic. Pobitremaria, de Koninck ; Carboniferous. Trochotoma,

Deslongchamps ; Trias and Jurassic. Cantantostoma, Sandberger
;

I'lciii-otoiiuii-ia, witli the pallial cavity laid open, rit,'lit-.side view, a, anus; aa, aorta; d.i;

atterent branchial vessel ; br.g, branchial ganglion ; c.c, cerebral coiniiiissure ; co, columellar
muscle; .•,-, crop; e.!-, efferent branchial vessel;/, foot; g, right or minor gill; g.d, genital

duct; gij, gonad; h, heart in the pericardium; hy.g, hypobranchial gland; in, intestine; li,

liver; l.k.o, opening of the left kidney; m, mouth; m.s, mantle slit; oil, odontophore ; oe,

oesophagus ; lyi, opercuUnn ; os, ospliradium ; pe.c, pedal cord ; r, rectum ; )•./,', right kidney :

(•./,•', anterior part of ditto (dotted line) ; r.I:.(i, opening of the right kidney ; r.s, radnlarsac ; s.g,

salivary gland ; sp.c, spiral caecum ; .•>«, stomach. (After F. M. Woodward.)

Devonian. Miurhisonia, d'Archiac and Verneuil ; Cambrian to Trias.

< klontomuria, Roemer ; Devonian. Family 2. Bellerophontidae, Mac-

Coy. An exclusively fossil fanuly, comprising more than 300
species extending from the Cambrian to the Trias. The shell is coiled

in one plane and has an incision in the mid -dorsal margin of the

aperture. Genera

—

Bellerophcn, Montfort. Euphemus, MacCoy. Salpingo-

stoma, Roemer. Trematonotus, Hall. C'lirtolites, Conrad. Family 3.

EuoMPHALiDAE, de Koninck. Also an extinct family, extending from

the Cambrian to the Cretaceous. Spire slightly prominent ; umbilicus

deep ; operculum calcareous. Genera

—

Euomj)halus, Sowerby. Strapu-

rollina, Billings. Ophileta^ Vanuxem. Maclurea, Lesueur. Platychisma,

MacCoy. Straparollus, Montfort. Phanerotinus, Sowerby. Discohelix,
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Dunker. Family 4. Haliotidae, Fleming. Spire of the visceral mass

and shell much reduced ; two bipectinate ctenidia, the right being

fce..jx (f

Fio. 12S.

Scissurella cvglypta, removed from its shell, ventral aspect, magnified, hr.il, right gill ; '<*•..?,

left gill ; m.vi, visf!eral mass ; m:, right eye ; op, operculum
; p, foot; pa, mantle ; t, snout ; tc,

left cephalic tentacle; te.cp, epipodial tentacles; tc.jxi, pallial tentacle; ie.p.o, post-ocular
tentacle.

the smaller ; no operculum. Genus

—

Haliotis, Linnaeus (Fig. 129).

Family 5. Velainiellidae, Vasseur. An extinct family from the

Eocene. Shell elongate, with numerous whorls ; columella and partitions

Fio. 129.

llaliotis tuhereiilata, right-side view, rf, foot ; i, tent<acular process of the mantle, passing
through the shell-foramina. (From Lankester, after Cuvier.)

between the whorls absent ; internal cavity open from base to summit.

Genus, Velainiella, Vasseur. Family 6. Fissurellidae, Risso. Visceral

mass and shell conical ; the anterior part of the mantle exhibits a slit

or a hole in the median line ;
two symmetrical ctenidia ; no operculum.
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Genera

—

Emarginnla, Lamarck; anterior border of the mantle

and shell with a slit ; British seas. Rhmila, Defrance. Suhemaryinulay

Blainville. Scutum, Montfort ; mantle split anteriorly and partially

reflected over the shell, which has no anterior slit. Zeidora, Adams.

Pundurella, Lowe ; mantle and shell with a foramen in front of the

summit of the visceral cone ; British. Fissurclla, Brugniere ; mantle

and shell perforated by a hole at the summit of the visceral cone, the

hole leading into the branchial chamber ; British. Glypliis, Carpenter.

Fissurelltdea, d'Orbigny. Piqnllia, Gray ; mantle completely covering

the shell. Lucapina, Gray. Merjatehennus, Pilsbry. Macrochisma,

Swainson. Lucaiyinella, Pilsbry. Family 7. Coccolinidae, Dall.

Shell conical, symmetrical, without slit or perforation ; the summit
inclined backwards. Genus— Cocculina, Dall ; dioecious ; abyssal.

Family 8. Trochidae, d'Orbigny. Visceral mass and shell spirally

Fig. 130.

Trochu$(Gihbiiln) cinerariics, right-side view. I, shell ; II, frontal lobes; III, right eye and
peduncle ; IV, right tentacle ; V, appendage of the right ocular peduncle ; VI, snout ; VII, right
epipodial lobe; VIII, epipodium ; IX, clavifnrni ajipendage under the epipodial tentacle; X,
iwsterior (operculigerous) part of the foot ; XI, epipodial tentacle.

coiled ; a single ctenidium ; eyes open (Fig. 100) ; a horny operculum
;

flattened lobes between the tentacles (Fig. 130, II). Genera

—

Trochus,

Linnaeus ; no jaws ; shell umbilicated ; spire pointed and prominent.

Monodonta, Lamarck ; no jaws ; spire not prominent ; no umbilicus :

columella toothed. Clanculus, i\Iontfort. Elenchus, Swainson. Photinula,

Adams. Gam, Watson. Gibbula, Risso ; with jaws ; three pairs of

epipodial cirrhi without pigment spots at their bases (Fig. 130) ; British.

Margarita, Leach ; from five to seven pairs of epipodial tentacles with a

IjigHient spot at the base of each. Livona, Gray. Basilissa, Watson.
Family 9. Stomatellidae, Gray. Spire of the visceral mass and shell

much reduced; a single ctenidium. Genera— Stomatella, Lamarck;
foot truncated posteriorly ; an oi)erculuni i)resent ; no epipodial

tentacles. Gena, Gray ; f(JOt elongated posteriorly ; no operculum ;

epipodial tentacles present. Stomatia, Helbling ; foot not truncated ;

operculum and epipodial tentacles absent. Family 10. Delphixulidae,
Fischer. Visceral mass and shell spirally coiled ; operculum horny ; in-
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tertentacular lobes absent. Genus

—

Delphiiiula, Lamarck ; with five pairs

of epipodial tentacles. Family 11. Liotiidae, Gray. Shell globular;

margin of aperture thickened ; operculum horny, with a calcareous

layer. Genus

—

Liotia, Gray. Family 12. Cyclostrematidae, Fischer.

Shell flattened, umbilicated, not naci-eous ; foot truncated anteriorly

and with the two angles prolonged into tentacles. Genera

—

Gyclo-4rcma,

Marryat (Fain. 50). Teinostoma, Adams. Family 13. Trochone-
MATiDAE, Zittel. Exclusively fossil, from Cambrian to Cretaceous ; shell

spiral and nacreous internally ; whorls without keels ; aperture rounded.

Genera

—

Trochoncma, Salter ; from the Cambrian and Silurian. Eunema,
Salter ; from the Ordovician to the Devonian. Amherleya, Morris and
Lycett ; from the Trias to the Cretaceous. Oncospira, Zittel ; Jurassic.

Family 14. Turbinidae, Gray. Visceral mass and shell spirally coiled
;

epipodial tentacles present ; eyes closed ; operculum calcareous and
tliick. Genera

—

Turbo, Linnaeus; shell globular, thick, with short

spire. Astralmm, Link. Molleria, Jeffreys ; shell thin, umbilicated,

with very short spire. Cyclonema, Hall. Family 15. Phasianellidae,

Troschel. Shell not nacreous, without umbilicus, with prominent spire

and polished surface. Genus— Pliasianella, Lamarck. Family 16.

Umboniidae, Adams. Shell flattened, not umbilicated, generally smooth,

without a nacreous layer ; operculum horny. Genera

—

Umhonium^'Lmk.
/sanrfa, Adams. Family 17. Neritopsidae, Fischer. Shell semiglobular,

with short sjjire ; operculum calcareous, not spiral. Genera

—

Neritopsis,

Grateloup. Naticopds, MacCoy ; from the Devonian to the Trias. Family
18. Macluritidae, Fischer. Shell discoid, deeply umbilicated, with

few whorls ; operculum spiral, thick. Genus

—

MKclurites, Lesueur ; from

Cambrian and Silurian. Family 19. Neritidae,

Lamarck. Shell with very low spire ; without um-
bilicus and without a nacreous layer ; internal partitions

frequently absorbed ; operculum calcareous, provided

with an apophysis ; epipodium slightly develojied,

without tentacles ; a single ctenidium ; a cejilialic

penis present. Genera

—

Nerita, Adanson ; marine.

Neritina, Lamarck ; freshwater ; British. Ncritodornvs,

Morris and Lycett ; Jurassic. Deinnira, Stoliczka
;

Cretaceous. Septaria, Ferussac ; shell boat -."shaped,

with a large aperture and symmetrical muscular im-

])ressions. Pileolus, Sowerby ; from the Jurassic and
(.Jretaceous. Family 20. Titiscaniidae, Bergh. With-

out shell and operculum, l:)ut with a pallial cavity and
a ctenidium. Genus

—

Tit/scania, Bergh (Fig. 131);
from the Pacific Ocean. Family 21. Helicixidae,

Pfeiffer. No ctenidium, but a pulmonary cavity

Fio. 131.

Titiscanid limacimt,
dorsal aspect. I, eye

;

oij'eninf!''<)rth(> paiii.ii I'^esent ; epipodium without tentacles; heart with a
cavity; IV, <^\]\. siii<:le auricle, and not traversed by the rectum; no
(After Bergh.) i-ii i -n * i rimandible ; operculum without apophy.ses. Genera

—

Helicina, Lamarck. EidrochatcUa, Fischer. Stonatoma, Adams. Hourciena,

Pfeiffer. Family 22. Hydrocknidae, Fischer. No ctenidium, but a

pulmonary cavity i)resent ; foot obtuse; operculum calcareous, with an
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ajiophysis. Gemis

—

Hijdroccna, Paneys ; from Dalmatia. Family 23.

Proserpinidae, Fischer. Differs from the two last families in not

havin;4 an operculum. Genus

—

Proserpina, Gray ; from Central America.

Order 2. Pectinibranchia.

These are Streptoneura Avith a somewhat concentrated nervous

system ; without a labial commissure, except in Paludina and Anqnd-
lavia. The nerve-collar is situated behind the buccal bulb, except in

AinpuUariti. There is a single well-differentiated, independent, and
often pectinated osphradium. The eye is always closed, and the

internal cornea (pellucida) is extensive. Each otocyst contains a

single otolith, except in some forms of Taenioglossa devoid of a pro-

boscis, e.fi. Palvdina, Valvata, Ampullaria, Ci/do2}horus, Typhohia,

Bi/lhoiyras, Nassopsi:^, certain Cerithiidae, etc. The central tooth of

the radula is single or absent. There is no longer any trace of

bilateral symmetry in the circulatory, respiratory, and excretory

organs, the topographically right half of the pallial complex having

completely disappeared. The heart has only a single aiu'icle—that

of the morphologically right side—and is not traversed by the rec-

tum. The ctenidium is monopectinate and attached to the mantle
throughout its length, except in Adeorhis and Valvata, the latter

genus being the only Pectinibranch with a bipectinate ctenidium.

The single kidney usually opens directly by a slit-shaped aperture

(but exceptionally by a ureter in Palndmi, Ci/dophorus, and Valvata),

and never serves for the passage of the sexual products. The
gonad always has a separate orifice of its own. The male generally

has a penis (Fig. 44, A, li).

The Pectinibranchia are divided into two sub-orders—Taenio-

glossa and .Stenoglossa.

Sub-Order 1. Taenioglossa.

In these Pectinibranchs the radula has normally three teeth on each

side of the median tooth, viz. one lateral and two marginals (Fig. 2, B ;

74, B). The stomatogastric ganglia are situated behind the buccal mass,

and are united to the cerebral centres by long connectives which are in

part recurrent and deeply situated. The salivary ducts, when sufficiently

long, traverse the nerve-collar. The oesophagus is nearly ahvays devoid
of an unpaired gland. Usually there is neither a prob(^ci^Ror a siphon.

The sub-order includes two distinct groups or tribes, which are

respectively creeping and swinuning forms, namely, the Platypoda and
Heteropoda.

Tribe 1. Platypoda.

Normal Taenioglossa, but slightly modified, and of creeping habit.

The foot is flattened ventrally, at all events in its anterior part (Strom-

bidae). The otocysts are situated close to the pe<lal nerve-cenfres. Acccs-
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sory organs are rarely found on the genital ducts, but are present in Falu-

dina, Cyclostoma, the Naticidae, Calyptraeidae, etc. Mandibles are usually

present. The intestine is long. The Platypoda form the largest group

of the Mollusca, comprising nearly sixty families of unequal value, some of

which are not thoroughly well known from an anatomical point of view.

Family 1. Paludinidae, d'Orbigny. Ctenidium monopectinate
;
pedal

centres in the form of ganglionated cords ; the kidney is provided Mith a

ureter ; viviparous ; fluviatile. Genera

—

Faludina, Lamarck. Neo-

thauma, Smith ; from Lake Tanganyika. Tylojjoma, Brusina ; from the

Tertiary. Family 2. Cyclophoridae, Gray. Pallial cavity devoid of a

ctenidium and transformed into a lung
;
pedal centres in the form of

ganglionated cords ; otocysts with otoconia ; aperture of the shell and

the operculum circular ; terrestrial. Genera

—

Pomatias, Hartmann ; shell

turriculated. Diplommatina, Benson. Hyhocystis, Benson. Cyclophorus,

Montfort ; shell umbilicated, with a short spire and horny operculum.

Cyclosurus, Morelet ; shell uncoiled. Dermatocera, Adams ; foot provided

with a horn-shaped protuberance at its posterior end. Sjnraculuw , Pear-

son ; aperture provided with a sutural tube at its superior angle. Family

3. Ampullariidae, Gray. A monopectinate ctenidium present, and to

the left of it a pidmonary sac, sejjarated from the ctenidium by an incom-

plete septum ; oesophageal nerve -collar in front of the buccal bulb
;

penis pallial ; amphibious. Genera— Amindlaria, Lamarck ; visceral

sac and shell coiled dextrally. Lanistes, Montfort ; shell sinistral ; spire

short or obsolete. Meladomus, Swainson ; shell elongated, sinistral.

Family 4. Littorinidae, Gray. Ctenidium monopectinate ; oesoi)hageal

pouches present
;
pedal nerve-centres concentrated; a pedal penis near

the right tentacle. Genera

—

Littorina, Ferussac; shell not umbilicated ;

foot devoid of appendages ; marine forms of semi-aerial habit (Fig. 85).

Lacuna, Turton ; foot with two posterior appendages ; marine forms of

exclusively aquatic habit (Fig. 7). Cremnoconchus, Blandford ; shell umbili-

cated; of exclusively aerial habit; Indian. Bisella, Gray. Tectarius,Ya\en-

cieunes. Family 5. Fossaridae, Fischer. Shell turbinated and umbili-

cated ; head with two cephalic lobes, as in some Ehipidoglossa. Genus

—

Fossarus, Philippi. Family 6. Purpurinidae, Zittel. An exclusively

fossil family ; shell thick, with prominent spii'e, angular whorls, and oval

aperture. Genera— Furpurina, d'Orbigny ; Jurassic. Brachytrcma,

Morris and Lycett ; Jurassic. Scalitcs, Conrad ; Ordovician. Family 7.

Planaxidae, Adams. Shell not umbilicated, with pointed spire ; the

external border of the shell sharp ; a short pallial siphon. Genus—
Flanaxis, Lamarck. Family 8. Cyclostomatidae, Pfeitler. Pallial

cavity transformed into a lung
;
pedal centres concentrated ; otocysts

with otoliths ; no mandibles ; a deep longitudinal pedal groove present

;

terrestrial. Genera

—

Cyclostoma, Draparnaud ; shell turbinated ; opercu-

lum calcareous ; Britisli. Omjihalotropix, Pfeiffer ; shell turriculated ;

o]ierculum horny. Fajiily 9. Aciculidae, Gray. Shell narrow and

elongated ; operculum horny
;

pallial cavity a pulmonary chamber

;

otocysts with otoconia. Genus— Acirula, Hartmann. Family 10.

Valvatidae, Gray. Ctenidium bipectinate, free throughout its length ; a

pallial hlamont on the right side ; liermaplirodito ; lluviatile. Genus

—
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FaZm/rt, Miiller (Fig. 132); British. Family 11. Rissoidae, Gray. A
monopectiiiate ctenidiuiii ; epiiJodial filaments present ; one or two pallial

tentacles ; snout elongated. Genera— Bissoa, Freminville ; operculum

simple. Rissoina, d'Orbigny ; operculum with an apophysis. Stiva, Hedley.

Family 12. Litiopidae, Fischer. Foot with an epipodium bearing three

pairs of tentacles and an operculigerous lobe with two appendages ; in-

habitants of the Sargasso weed. Genus

—

Litiopa, Rang. Family^ 13.

Adeorbiidae, Fischer. Mantle with two posterior appendages ; ctenidiurn

large and capable of being protruded froju the pallial cavity ; shell

depressed and umbilicated. Genus

—

Adeorbis, AVood ; British (Fig. 133).

Family 14. Jeffreysiidae, Fischer. Head with two long labial palps
;

shell ovoid, umbilicated ; operculum horny, semicircular, concentric, and

carinated. Genus

—

Jefreysia, Alder. Family 15. Homalogyridae,
Sars. Shell flattened ; operculum horny, circular ; no cephalic tentacles.

Fic. 132.

Valvata pischw.lis, dorsal aspect,
matjiiitieil. /, foot ; (ji, gill ; in,

mouth ; op, oiK^rculum ; pa.t, pallial

tentacle ; sh, shell ; tr, cephalii-

tentacle. (Alter IJernard.)

Fig. 133.

Adeorbis subcarinatits, ventral aspect. /,

foot ; g, gill ; )», mouth ; op, operculum ;

pa.c, pallial cavity ; jvt.t, pallial tentacle ; sh,

shell ; t, tentacle. (After F. M. Woodward.)

Genera

—

Honuilogyra, Jeffreys ; British. Ainmoniceras, Vayssiere. Family
16. Skeneidae, Fischer. Shell depressed and umbilicated, with a

rounded aperture ; cephalic tentacles long. Genus

—

Skenea, Fleming ;

British. Family 17. Choristidae, Fi.scher. Shell spiral ; four cephalic

tentacles ; eyes absent ; two pedal appendages behind the operculum.

Genu.s

—

CJwristes, Verrill. Family 18. Assiminkidae, Fischer. Shell

conical, with a short spire ; operculum horny, spiral ; eyes situated at

tlie free extremities of the tentacles. Genus

—

Assiminea, Leach ; estuarine
;

British. Family 19. Truncatei.lidae, Gray. Ctenidiurn mono-
pectinate ; .«nout very long, bilobed ; foot very short ; spire elongated

and truncated ; marine and littoral. Genus

—

Truncatella, Risso. Family
20. Hydrobiidae, Fischer. Shell with prominent spire ; ctenidiurn

monopectinate ; sexes separate
;
penis distant from the right tentacle and

generally appendiculated ; otocysts with otoliths ; brackish water or

fluviatile. Genera

—

Hijdrohia, Hartmann ; shell conical, smooth with

scarcely convex whorls ; operculum horny ; brackish water ; British.

Bailcalia, von Martens ; from Lake Baikal. Pornatinjysis, Tryon ; foot
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divided into two sections by a transverse fuiTow
;
penis without an

appendage. Bithyaella, Moquin - Tandon. Lithocjlyphus, MiihUeldt
;

shell globular with short sjiire. SpeJda, Crosse ; viviparous ; from Lake
Tanganyika. Tauganyicia, Crosse (Fig. 78). Linmotrochus, Smith

;

from Lake Tanganyika. Uhijtra, Moore. Littorinida, Eydoux and
Souleyet. Bithynia, Gray ; shell conical with an oval aperture ; oper-

culum calcareous, concentric ; habitat fluviatile ; British. Stenothyra,

Benson ; aperture rounded and contracted ; operculum calcareous, spiral.

Family 21. Melaniidae, Gray. Shell spiral, the spire somewhat elon-

gated ; operculum horny ; foot and snout short ; mantle border fringed ;

viviparous (Fig. 109); fluviatile. Genera—ilfeZajuVf, Lamarck ; shell turri-

culated ; aperture rounded and enlarged anteriorly. Faunus, Montfort
;

spire very long ; aperture of shell notched anteriorly. Paludomus,

Svvainson ; shell short, thick, with rounded aperture. Melanopsis,

Ferussac. Nas^opsis, Smith. Bythoceras, Moore ; from Lake Tanganyika.

Family 22. Typhobiidae, Moore. Foot wide ; tentacles elongate ; shell

turriculated, with carinated whorls, the carinae tulierculated or spiny.

Genera

—

Tyjihobia, Smith. Bathanalia, ]\Ioore ; from Lake Tanganyika.

Family 23. Pleuroceridae, Fischer. Like the Melaniidae, but the

border of the mantle is not fringed and the reproduction is oviparous.

Genera—P/e;«?-occra, Rafinesque ; shell elongated ; the aperture canaliculated

anteriorly. Anculotus, Say ; shell short, globular ; the aperture rounded
anteriorly. Family 24. Pseudomelaniidae, Fischer. An exclusively

fossil family ; shell turriculated, with prominent sjjire and elongated oval

aperture. Genera

—

Pseudomelania, Pictet and Campiche ; Secondary and

Tertiary. Loxonema, Phillips ; Palaeozoic. Macwchilus, Phillips
;

Devonian to Trias. Family 25. Subdlitidae, Fischer. An exclusively

fossil family ; shell turriculated with a narrow aperture, elongated and
canaliculated anteriorly. Genera

—

Subulites, Conrad ; Cambrian to Car-

boniferous. Fiisispira, Hall ; Ordovician. Euchrysalis, Laube ; Trias.

Family 2G. Nerineidae, Zittel. An exclusively fossil family ; shell with

numerous whorls, with multiple folds in the lumen of the whorls.

Genera

—

Nerinea, Defrance; Jurassic and Cretaceous. Aptyxiella, Fischer
;

Trias and Jurassic. Ptygmatis, Sliarpe ; Jurassic and Cretaceous. Family
27. Cerithiidae, Fleming. Shell with elongated spire and numerous
tuberculated whorls ; aperture canaliculated anteriorly ; snout long

;

pallial siphon short. Genera— GeritJtiurn, Adanson : aperture oval
;

operculum oval, witli submai-ginal nucleus. Bittiuni, Gray ; operculum

circular, with central nucleus ; siphon rudimentary. Poktmides, Brong-

niart ; eyes situated above the bases of the tentacles ; ctenidium rudi-

mentary ; brackish water. Triforis, Deshayes ; shell sinistral. Laeocochlis,

Dunker and Metzger. Cerithinpsis, Forbes and Hanley. Family 28.

MoDULiDAE, Fischer. This family differs from the Cerithiidae in having

a shell with a short spire, without a si])hon ; the eyes are placed midway
up the tentacles. Genus

—

Modnlu.% Gray. Family 29. Yermetidae,
d'Orbigny. The animal is fixed by the shell, the last whorls of which are not

in contact with one another ; foot suiall, discoidal, with two anterior peilal

tentacles, one on each side of the supra-pedal gland. Genera

—

Vermetits,

Adanson ; shell without a iiotch on the exterior border of the aperture ;
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mantle slit in tlie female only^Fig. 45); pedal tentacles elongate. Siliqnaria,

Bruguiere ; mantle and shell slit in both sexes for the whole length of

the branchial cavity
;
pedal tentacles rudimentary. Family 30. Caecidae,

Gray. Shell almost completely uncoiled in one plane, and furnished with

internal septa ; aperture circular. Genus

—

Caecum, Fleming (Fig. 68) ;

British. Family 31. Turritellidae, Clark. Shell very long with

numerous whorls ; head large and prominent ; mantle border fringed
;

no siphon ; foot broad and truncated. Genera

—

Tiuritella, Lamarck
;

British. Mi'salia, Gray. Mathilda, Semper ; the summit of the shell

hyperstroj^hic. Family 32. Struthiolariidae, Fischer. Spire of shell

conical ; aperture pointed and subcanaliculated anteriorly ; foot oval,

rather small ; head elongate with short tentacles ; siphon very slightly

developed. Genus

—

Struthiolaria, Lamarck. Family 33. Chexopodidae,

Fischer. Spire of shell elongated ; margin of aperture expanded ; foot

elongated and narrow ; snout short ; tentacles long ; siphon very short.

Genera— Chenopus, Philippi ; British. Alaria, Morris and Lycett

;

Jurassic and Cretaceous. Sjnnirjera, d'Orbigny ; Jurassic. Diartema,

Piette ; Jurassic. Family 34. Stuombidae, Gray. Foot narrow, arcuate,

compressed laterally, without ventral sole (Fig. 75,/) ; snout long ; ocular

peduncles longer and stouter than the tentacles. Genera

—

Slromhus, Lin-

naeus ; shell ovoid, with elongated aperture ; mantle border and aperture

of shell not digitate. Pteroceras, Linnaeus ; mantle border and aperture of

shell digitate. Eostellaria, Lamarck ; spire of shell elongate ; aperture

prolonged anteriorly into a canal and laterally into an alil'orm expansion

(Fig. 46). Terebellmn, Klein ; shell elongated with a short spire ; tentacles

aborted. Family 35. Xexophoridae, Philippi. Snout elongated ; foot

divided transversely into two paits, the posterior part bearing the oper-

culum ; sliell conical, carinated. Genera

—

Xenoplwrns, Fischer (Fig. 134) ;

with foreign substances agglutinated on the shell. Eotrochm, Whitfield
;

from the Silurian. Family 36. Capulidae, Fleming. Visceral sac and

shell conical, but slightly incurved posteriorly; a tongue-shaped projection

between snout and foot ; columellar muscle horseshoe-shaped. Genera

—

C'apulH% Montfort. Tliyca, Adams
;
parasitic on Asterids ; without a radula

;

foot rudimentary. Plntycera.'t, Conrad ; from the Silurian onwards.

Family 37. Hipponycidae, Fischer. Visceral mass and shell conical

;

foot feeldy muscular, capable of secreting a ventral calcareous plate
;

animal fixed. Genera

—

llipponux, Del'rance. Mitrularta, Schumacher
;

the shell with an internal appemlage sliaped like a half-horn. Family 38.

Calyptraeidae, Broderip. V,isceral mass spiral ; shell fiattened, with

a short spire ; lateral cervical lobes present ; foot short and circular
;

accessory genital glands present. Genera

—

Calyptraea, Lamarck ; shell

spiral, with cential summit and circular aperture ; British. Crepidula,

Lamarck ; shell oval, with nearly obsolete spire and marginal summit,

furnislied with an internal horizontal posterior septum. Cnicibulnm,

Scliumacher ; shell conical, witli an internal corniform appendage (Fig.

69). Family 30. Xaricidae, Recluz. Foot divided into two, tlie

posterior half bearing the operculum ; a wide epijiodial velum ; tentacles

flattened ; snout elongate ; sliell tuibinated. Genus

—

Xan'ra, Recluz.

Family 40. Naticidae, Swainson. Foot highly developed and provided
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with an aquiferous system
;

piopodiuiu reflected over the head ; eyes

deeply seated or absent ; operculum spiral ; burrowing animals. Genera
—Natica, Adanson ; shell globular, thick and polished, umbilicated,

with a semi-lunar aperture (Fig. 47) ; British. Amaura, Moller ; shell

not umbilicated, thin, with an oblong aperture. Sigaretiis, Lamarck
;

shell auriform, with a very short spire and large aperture ; operculum

small and rostrate. Family 41. Lamellariidae, d'Orbigny. Shell thin,

more or less covered by the mantle, and with a small spire ; no operculum

or propodiitm ; mandibles fused dorsally. Genera

—

Vehdina, Fleming;

shell only partially covered by mantle ; British. Lamellaria, Montagu
;

shell internal, spiral, transparent ; British. Marsenina, Gray ; shell not

completely covered by the mantle ; hermaphrodite. Oncidioimx, Beck
;

Xenophonis exutus, animal and shell, left-side view, a, snout ; b, ceplialic tentacles ; <•, left

eye ; d, anterior part of the foot (to the right of this is seen the posterior lobe of the foot bear-
ing the sculptured operniluni /). (From Lankester, after Owen.)

shell internal, membranous, without spiral ; horniaphroilite. Family

42. Tkichotuopidae, Gray. Shell with short spire, umbilicated, carinate

and pointed. Genus

—

I'nchotrojiis, Broderip and Sowerb}'. Family' 43.

Segvenziidae, Verrill. Shell tiochilorm, with canaliculated aperture

and twisted columella ; operculum spiral. Genus

—

Scriue?i:da, Jett'reys
;

abyssal. Famiia' 44. Jaxthinidae. Shell thin ; operculum absent

;

tentacles bifid ; eyes absent ; foot sliort, provided with an epipodium and

secretes a float ; radula with similar pointed teeth (Fig. 74, D) ;
pelagic.

Genera

—

Janthina, Lamarck ; »\\q\\ blue, witli a short spire ; ctenidium

with long pointed filaments, capable of being protruded from the pallial

cavity (Fig. 135). l\ccln::ia, Petit; shell white with elongated spire.

Family 45. Cypraeidae, Fleming. Shell inrolled, solid, polished, the

spire nearly hidden, the aperture very narrow in the adult ;
pallial

aperture provided with a short anterior siphon ; a short proboscis ; anus

posterior ; foot broad ; osphradinni witli three lobes ; mantle reflected
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over the shell (Fig. 70). Genera

—

CiijJraea, Linnaeus ; shell ventricose

Antli a crenelated columella. Pustularia, Swainson ; diH'ers from Cypraea

in having an internal shell. Ovula, Bruguiere ; columella smooth, both

ends of the ajierture caualiculated (Fig. 136). Fediculuria, Swainson
;

attached to corals ; foot small ; shell irregular with an expanded aperture.

Erato, Risso ; shell liiriform, with a prominent spire. F.\jiily 46.

Tritonid.vi:;, Adams. Shell turriculated and siphonated, thick, each

Female Janthina, with eng-float (x) attaclied to the foot,

cephalic tentacles. (From Lankt!.ster, alter Owen.)
1), egg-capsules ; c, ctenidium ; tl,

whorl of the spire provided with varices ; foot broad and truncated

anteriorly ;
pallial siphon well developed ; a proboscis. Genera

—

Triton,

Montfort ; varices not continuous i'rom one whorl to another ; eyes at the

bases of the tentacles (Fig. 44, A). Persona, Montfort ; whorls irregular
;

eyes half-way uj) the tentacles. Ranella, Lamarck ; varices continuous

from one whorl to another. F.\mily 47. Colujibellixidae, Fischer. An
exclusively fossil family ; shell with prominent spire, narrow aperture, and

callous columella. Genera

—

Columbellina, d'Orbigny ; cretaceous. Colum-

ie/Za/-i((,Rolle; Jurassic. Zittelia, Gemellaro ; Jurassic. Petersia, GemellnTO
;

Jurassic. Family 48. Cassididae, Adams. Shell ventricose, with

elongated aperture and short spire; font broad and rounded anteriorly;

proboscis and siphon long ; oper-

culum with marginal nucleus.

Genera

—

Cassis, Lamarck ; shell

varicose, with narrow ajierture.

Cassiclaria, Lamarck ; shell with-

out varices, aperture oval and

canaliculated. Oniscia, Sovverby
;

shell oval, with a linear aperture.

Family 49. Oocokythidak,
Fischer. Shell globular and

ventricose ; aperture oval and

canaliculated ; operculum spiral.

(Jenus

—

Oocorys, Fischer ; abyssal.

Family 50. Doliidae, Adams.

Shell ventricose, with short spire and wide aperture ; no varices and

no operculum ; foot very broad with projecting anterior angles ; siphon

long. Genera

—

Doliurn, Lamarck ; .shell with a short canal ; ocular

tubercles distinct from the tentacles ; mantle not reflected over the

shell. Pijrula, Lamarck ; canal long ; spire very short ; mantle reflected

over the shell; eyes sessile (Fig. 71). Family 51. Solariidae,

Fio. 130.

(irnia, animal and shell, right-side view, 'i,

cephalic tentacles ; (I, foot ; li, mantle-skirt, which
is naturally carried in a reflected condition so as
to cover in the sides of the shell. (From Lan-
kester, after Owen.)
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Chenu. Shell spiral, conical, with flattened spire, umbilicated ; head

short ; tentacles split throuf,'liout their length ; foot short. Genera

—

Solarium, Lamarck. 2'orinia, Gray. Fluxina, Dall. Family 52.

ScALARiiDAE, Broderip. Shell turriculated with numerous whorls and

an elongated spire ; head short, with a short proboscis ; foot small,

truncated anteriorly ; siphon rudimentary. Genera

—

Scalariu, Lamarck
;

shell elongate with a circular aperture, whorls very convex, ornamented

with longitudinal projecting lamellae ; British. Eylida, Gray. Crossea,

Adams. Aclis, Loven.

The three following families of Taenioglossa Platypoda have neither

radula nor jaws, and are therefore called Aglossa. They are suctorial

animals with a well- developed proboscis, and are ol'ten commensal or

parasitic on Echinoderms ; some are abyssal. The series affords a

remarkable example of tlie regressive evolution of various organs as a

result of parasitism. Family 53. Pyramidellidae, Gray. Summit of

spire heterostrophic (Fig. 65, B) ; tentacles deeply grooved externally or

split at their extremities ; foot truncated anteriorly ; a projection, the

" mentunj," between the head and foot ; an operculum pi'esent.

r- u

Fig. 137.

Turbonilla scalaris, ri<;'lit-sicle view. /, foot ; w, iiiuutli ; me, ineiituin ; op, operculum ; pa,

mantle; sh, shell ; te, tentacle. (After Loven.)

Genera

—

Pyramidella, Lamarck ; columella folded, tentacles cornifomi.

Turbonilla, Leach ; columella not folded (Fig. 1.37). Odostomut,

Fleming ; columella provided with a tooth ; hermaphrodite ; British.

Myxn, Hedley. Family 54. Eulimidae, Adams. Visceral mass still

coiled spirally ; shell thin and shining, generally with a pointed summit;

tentacles without a groove. Genera— Eulima, Risso ; foot well

developed, and with an operculum ; animal usually free, but some live

in the digestive canal of Holothuriae in the Fiji Islands, in the

Philippines, and in Europe, e.;/. Eulima didorta in Holothuria intestinalis.

Nino, Risso. Scalenosfoma, Deshayes. JIo]ihpti:ro7i, Fischer. Mucronalia,

Adams ( = Stiilina, Fleming); foot reduced, but still operculate ; eyea

present ; animal fixed by its very long proboscis, which is deeply buried

in the tissues of an Echinoderm ; no pseudopalliura. Stylifer, Broderip
;

the operculum is lost, but a rudiment of the foot remains ; tentacles very

small or absent ; eyes, otocysts, and a branchia present ; animal fixed by

a large proboscis forming a pseudopallium which surrounds the whole

of the shell except the more or less projecting extremity of the spire

(Fig. 20) ; sexes separate ;
parasitic on all groups of Echinoderms in

different seas. Entosiphon, Koehler and Vaney ; visceral mass still

coiled ; shell mucli reduced ;
proboscis very long, forming a pseudo-
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palliuni, which covers the whole

body and projects beyond in the

form of a siphon, and serves to

put the animal in communica-

tion with the external world

and for the passage of the ova

(Fig. 21); a foot is retained, and
also a nervous system and oto-

cysts ; neither ej'es, branchia,

anus, nor rectum ; the stomach

is a sac with ramifying caeca
;

hermaphrodite
;

parasitic in the

Holothurian Ikima UaJcei, in

the Indian Ocean. Entosiphon

forms the transition to the next

family. Family 55. Ento-
coxcHiDAE, Fischer ( = Cochlo-

syringia, Voigt). Neither shell

nor spirally coiled visceral mass
;

no sensory organs, nervous

system, branchia, or anus ; body
reduced to a more or less tubular

sac ; endoparasitic in Holo-

thurians
;

proliably all herma-
phrodite, with separate male
and female gonads ; incubatory

(
" viviparous "

) ; with conchi-

ferous and operculiferous veliger

larvae, without a retractor veli

muscle. Genera —- Entocolax,

Voigt ; visceral mass essentially

genital and forming a swelling

surrounded by the pseudo-

pallium ; digestive orifice or

proboscis at the free extremity
;

orifice of the pseudopallium at

the opposite extremity Ijy which
the animal is fixed ; a second

accessory aperture of the pseudo-

pallium serves for the passage

of the genital products. Two
species j)arasitic in Holothurians
in the Pacific : E. ludwigi, in

Myriotrochus rinkii from the

Behring Sea (Fig. 138) ; and E.
schiemeirci in Chiroilota pimnii
from Chili. En(uconch(t,J. Miiller

(Fig. 130) ; body elongated and tubular ; the aperture of the digestive tract

rudimentary and situated at the fixed extremity of the body
;
j.rotandric

Kin. 138.

EntocoUu- ludwigi, in situ, x 30. F, fixativf
apparatus; II, ovary; III, utf-us ; IV, buccal
orilice; V, oviduct; VI, genital orilici; ; VII, ova
separated t'roiii the ovary, by deliiscwnce ; VIII,
C4ivity around tlie ovary, formed by the i)seudo-
lalliurn ; l.\, orilice of this cavity ; X, integument
of the Ilolotliuria. (After Voigt.)
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liermophrodite witli separate male and female gonads
;
parasitic in the

testis of Holothurians, causing their abortion. Three species are

known : one in Hyna'pta digitata (Mediterranean), one in Holothuria

cdulis (Philippines), and one in a Holothuria from Puget Sound in the

North-East Pacific. Enteroxenos, Bonnevie ; no pseudopallium and no

alimentary tract ; male and female gonads separate, with a single

common genital orifice ; larvae operculiferous. E. ostercjreni (Fig.

1 40) ;
parasitic in the intestine of

Sticliopus (Norway).

Fig. 139.

EiitocoiiclM mirabilis, in situ, mag-
nified. I, oral extremity ; II, remains
of the digestive tract ; III, testis ; IV,

ovary ; V, antimesenteric vessel of

the Si/napta in whicli Entoconrha is

parasite. (After J. Miiller.)

EtbUruxenos ostergreni, Bonnevie.

ov, eggs. (After Bonnevie.)

Tribe 2. Heteropoda.

These are free - swimming Taenioglossa, with the foot flattened

laterally and the otocysts situated near the cerebral ganglia. There

are no mandibles and the intestine is short. All the Heteropoda are

pelagic, and are much modified in adaiitation to this mode of existence.

The foot is very large, and has the form of a fin compressed bilaterally
;

it bears, in the male at least, a sucker on its ventral aspect (Fig. 142, d').

The visceral sac or "nucleus" and mantle form a progressively smaller

and smaller part of the mass of the body (compare Figs. 142 and 143),

but the head always remains large and forms a cylindrical snout. The

cerebral nerve-centres are in ju.\taposition ; the pleural ganglia, still

visible in the Atlantidae and Pterotracheidae, are attached to them, and

there are thus two pedal connectives on either side, namely, the cerebro-

pedal and the pleuro-pedal ; these are separate proximally in Atlanta, but
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fused together for their whole length in other forms. The pedal centres

are situated at the base of the fin (Fig. 142, v). The visceral commissure

is fairly long, is crossed, and bears several ganglia, but there is neither

dialyneury nor zygoneury. In the Carinariidae, however, there are

secondary uncrossed viscero-pedal anastomoses, and in the Pterotracheidae

the pedal connectives are fused with the anterior part of the visceral

commissure, and behind the pedal ganglia the two branches of this com-

missure are fused together for the greater part of their length. The

osphradium is a more or less elongated ciliated organ, situated in the

pallial cavity to the left of the branchia. The otocysts are situated near

Fig. 141.

Oxygi/rus keraiidreui, male, right-side view. A, heail ; a, month and odontophore ; B, anterior
part of the foot ; h, cephalic tentacles ; c, eye ; il, natatory foot and its sucker ; c, posterior lobe
of the foot ; /, operculum ; h, mantle and pallial cavity ; i, ctenidium ; /.', retractor muscle of
the foot(columellar muscle) ; /, opiic tubercle ; m, oesophagus ; )i, salivary gland ; o, rectum and
anus

; ;), liver ; </, kidney ; s, ventricle ; u, the otocyst attached to the cerebro-jdeural ganglion ;

w, testis ; x, auricle of the lieart
; y, vesicula seininalis ; z, penis. (From Lankester, after

JSouleyet.)

the cerebral ganglia (Fig. 141, m). The eyes are very large and highly

differentiated in structure ; they are placed at the sides of the cerebral

ganglia and at the bases of the tentacles (Fig. 141, c) when the latter organs

exist (Pterotrachea and the female in some Firoloida are devoid of tentacles).

The alimentary canal is furnished with a protractile pharynx containing a

characteristic Taenioglossate radula witii very jiowerful lateral and marginal

teeth. The oesophagus is very long and slightly dilated in the middle of

its length. The stomach and liver arc situated posteriorly (Fig. 142, n) ,

the intestine is always very short, and in the Pterotracheidae it is no longer

bent forward (Fig. 143). Tlie heart is situateil near the stomach, and in

the less si^ecialised Heteropoda (Atlantidae, Carinariidae) is clearly di.spo.«ed

in the same manner as in other Stre])loneura, but in the Pterotracheidae,

M'hich have undergone detorsion, it has clearly become an opisthobranch
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heart. In the Atlantidae there is an aortic bulb ; the arterial vessels

always end. abruptly in sinuses. Tlie ctenidium is monopectinate and

completely enclosed in the pallial cavity in Atlanta (Fig. 141, i\ but it pro-

jects in Garinaria (Fig. 142, i), is no longer covered by the mantle in Ftero-

trachea (Fig. 143, hr), and finally has completely disappeared in Firoloida.

The kidney is a transparent and sometimes contractile sac, ^vhich has the

same relations as in other Taenioglossa and opens not far from the anus (Fig.

141, q). The gonad is situated beside the liver (Fig. 141, if). The genital

duct is always rather short, and opens alongside of the anus ; in the male

it exhibits a dilatation, the vesicula seminalis (Figs. 141 and 142, y), and its

aperture communicates with the penis by means of a seminal groove. The
penis is situated at the base of the foot, and is provided with a glandular

Fig. 142.

Carinaria mediterranea, male, riglit-side view. A, the animal ; B, tlie shell removed ; C, D,
two views of the shell of Cardiopodu . a, mouth ami odontophore ; 6, cephalic tentacles ; c, eye ;

rf, the tin-like anterior lobe of the foot ; d', its sucker ; e, posterior part of the foot ; /, salivary

glands ; h, margin of the mantle ; i, ctenidium ; m, oesopliagus ; ?), stomach ; o, anus
; p, liver ;

t, aorta, springing from the ventricle ; ii, cerebro-pleural ganglion ; r, pedal ganglion ; w, testis ;

X, visceral ganglion
; y, vesicula seminalis ; z, penis. (From Lankester, alter Souleyet.)

appendage or flagellum. In the female the genital duct is furnished

with a copulatory bursa and an ulbuminiparous gland. The Heteropoda

lay iioating eggs imbedded in a gelatinous matrhv ; the larvae are charac-

terised by the velum, which is divided into four or six lobes. All the

Heteropoda are pelagic and transparent, and are generally found in dense

bands in warm and temperate zones, swimming slowly in a reversed,

position, that is to say, with the foot uppermost. Tliey are all car-

nivorous. The tribe includes three families which afford a good example

of regressive evolution accompanying a jirocess of detorsion and a return

to bilateral symmetry, as in the Opisthobranchs. The spejialisation of

the group is marked by a progressive reduction, and finally by the

disappearance first of the operculum, afterwards of the mantle, and

finally of tlie ctenidium and tentiicks. The genus Atlanta is still

provided with a well-developed coiled shell and an operculum, and is
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characteristically prosobrancliiate. In Carinaria the sliell is uncoiled

and rudimentarv, and there is no operculum. Ptcrotrachea has neither

shell nor tentacles and is opisthobranchiate. Finally, Firoloida has lost

the ctenidiuni.

Family 1. Atlantidae, Rang. Visceral sac and shell spirally coiled

in one plane ; foot divided transversely into two ])arts, the posterior part

bearing an operculum with a sinistral coil (Fig. 48), while the anterior

part forms a fin jirovided with a sucker. Genera

—

Oxyfpjrus, Benson ^

shell capable of cimtaining the entire animal, carinated only on the last

whorl and near the aperture. Atlanta, Lesueur ; shell capable of con-

taining the whole animal, carinated throughout ; ai)erture with fissures

(Fig. 141). Family 2. Carix'ariidae, Grasset. Visceral sac and shell

conical and small in proportion to the rest of the body, which cannot be

withdrawn into the shell ; foot elongated, fin-shaped, with a sucker but

without an operculum. Genera—CarMi/irria, Lamarck (Fig. 142). Cardio-

Pterotrachea viutica, seen from the right side, o, pouch for tlie reception of the siio\it when
retracted ; ';/•, ctenidiuni ; c, pericardium ; g, cerebral ganglion

;
g', pedal ganglion ; i, intestine ;.

mt, ixjsterior i)art of the foot ; n, so-called visceral nucleus ; or, cephalic eye ; ji/i, pharynx ; pr,
fln-like anterior part of the foot ; v, oesophagus ; w, osphradiuni ; z, caudal appendage. (From
Lankester, after Keferstein.)

poda, d'Orbigny (Fig. 142, C, D). Family 3. Pterotracheidak, Gray.
Visceral sac very much reduced, without shell and mantle ; anus on the

posterior part of the body ; foot provided with a sucker in the male
only. Genera

—

Pterotrachca, Forskul ; no tentacles ; a ctenidiuni present

;

a filiform appendage at the posterior extremity of the foot (Fig. 143).

Firoloida, Lesueur ; tentacles present, but no ctenidiuni and no posterior

appendage to the foot. Pterosoma, Lesson.

Sub-Order 2. Stenoglossa.

Pectinibranchs in which the nervous system is much concentrated

and always zygoneurous. The perioesophageal nerve-collar is always
posterior to and is not traversed by the salivary glands. The stomato-

gastric ganglia are situated close to the cerebral nerve-centres and far

beliind the buccal mas.s, the la.st-named organ being greatly reduced. A
well-developed proboscis, an unpaired oesophageal gland (the gland of

Leiblein or poison-gland), a pallia) siphon, and a penis are always present.

The osphradiuni is bi pectinate. The radula is narrow, and in the

majority of genera (Rachiglossa) has a single lateral on each side of the

median or rachidian tooth : in the remainder of the group (Toxiglossa)

there is no median tooth, and the radular formula is therefore 1.0.1.

The sub-order is accordinglv divided into two tribes.
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Tribe 1. Rachiglossa.

These are Stenoglossa with a highly-developed proboscis, a pallial

siphon, and rudimentary jaws : the radulat formula is 1.1.1 (Fig. 74, H).

Family 1. Turbinellidae, Sowerby. Shell solid, piriform, with a

thick folded columella ; foot broad
;

proboscis long ; tentacles conver-

gent ; lateral teeth of the radula bicuspidate. Genera

—

Turbmella,

Lamarck ; shell with short spire and long canal. Cynodonta, Schumacher
;

sjDire and canal short ; shell tuberculated. FiUgur, Montfort ; shell

piriform ; tentacles short. Hemifusus, Swainsou ; shell fusiform with

carinated whorls ; tentacles short (Fig. 99). Tudicla, Link. Strejjsidura,

Swainson. Family 2. Fasciolariidae, Adams. Shell elongated, with

a long siphon ; head small and narrow, with short tenacles ; foot rather

broad and short ; lateral teeth of the radula multicuspidate. Genera

—

Fasciolaria, Lamarck. Fusus, Lamarck. Clavella, Swainson. Latirus,

Montfort. Family 3. Mitridae, Adams. Shell fusiform and solid,

the spire pointed, the aperture elongated and the columella folded ; no

operculum ; tentacles elongated, bearing the eyes at their sides ; foot

narrow
;
proboscis very long ; siphon moderately long. Genera

—

Mitra,

Lamarck. Turricula, Klein. Cylindromitra, Fischer. Imbncaria,

Schumacher. Family 4. Buccinidae, Fleming. Foot large and broad
;

eyes at the bases of the tenacles ; shell ovoid, with oval aperture ; a

horny operculum. Genera

—

Chrysodovms, Swainson ; shell fusiform,

solid, with an unguiculate operculum ; British. Liomesus, Stimpson ;

shell ovoid, with a very short canal ; tentacles short ; lateral teeth of the

radula unicusjaidate. Buccinuvi, Linnaeus ; shell ventricose with a wide

aperture ; operculum oval with sub-central nucleus ; tentacles moderately

long ; lateral teeth with three or four cusps ; British. Cominella, Gray
;

shell fusiform ; the operculum oval to piriform, with an apical nucleus.

Tritonidea, Swainson ; shell ventricose ; operculum like that of Cominella.

Pisania, Bivona ; shell with a short canal ; operculum unguiculate
;

lateral teeth tricuspidate. Euthria, Gray ; shell fusiform, with elongate

.spire and canal. Phos, Montfort ; foot broad with two lateral projections

anteriorly and a slender posterior filament. Dipsacus, Klein ; foot

elongated ; tentacles long ; shell ovoid, solid, with a short canal ; lateral

teeth bicuspidate. Family 5. Nassidae, Swainson. Foot broad, with

two slender posterior apjDendages ; siphon long ; shell ovoid, with a short

canal ; operculum unguiculate. Genera— Nassa, Lamarck ; external

border of the aperture of the shell thickened ; marine ; British. Canidia,

Adams ; exterior border of the aperture simple ; fluviatile. Bullia,

Gray ; shell polished ; tentacles without eyes ; foot very broad ; a

burrowing form. Family 6. Muricidae, Fleming. Foot truncated

anteriorly ; tentacles elongated, bearing the eyes on their sides, more or

less high up ; shell with moderately long spire and canal, ornamented

with ribs, often spiny. Genera

—

Miircx, Linnaeus ; eyes half-way up the

tentacles ; canal almost closed ; British. Troplwn, Montfort ; eyes at the

bases of the tentacles ; shell lamellar ; canal open ; British. Typhis,

Montfort ; shell with closed canal and tubular spines. Urosalpinx,

Stimpson. Lachesis, Risso. Family 7. Purpuridae, Broderip. Foot
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short, obtuse posteriorly ; shell thick with a short spire, the last whorl

large and the canal short ; aperture wide ; columella flattened ; operculum

horny. Genera

—

Purpura, Bruguiere ; shell not umbilicated, aperture

smooth ; British. Papana, Schumacher ; shell ventricose, umbilicated.

Monoceros, Lamarck ; shell like that of Purpura, but the aperture shifted

backward and bearing a conical tooth on its external border. Sistrum,

MoQtfort ; shell thick, spiny, the aperture contracted by the thickening

of the margins of tlie aperture. Concliolepas, Lamarck ; shell ovoid, the

spire short and the aperture widely dilated. Family 8. Haliidae,

Fischer. Foot large and thick ; without an operculum ; tentacles thick

and flattened ; shell ventricose, thin, and smooth, with a wide aperture.

Genus

—

Halia, Kisso ; from Cadiz and Morocco. Family 9. Caxcel-
LARiiDAE, Adams. Snout short ; tentacles long, with the eyes at their

bases and external ; foot small ; no operculum ; siphon short ; shell

ovoid with short spire and folded columella. Genus— Cancellaria,

Lamarck. Family 10. Columbellidae, Adams. Foot large, tentacles

long and convergent ; spire of shell prominent, aperture narrow, the

canal very short and the columella crenelated.

Genus— Columbella, Lamarck. Family 11.

CoRALLiOPHiLiDAE, Chenu. Foot short ; ten-

tacles slender and convergent ; siphon short

;

radula absent ; shell irregular ; sedentary

animals living in corals. Genera

—

Corullio-

phila, Adams ; shell deformed, with a wide

aperture and a short canal ; operculum present.

Rhizochilus, Steenstrup ; no operculum ; the

aperture of the shell irregular, with the canal

prolonged into a tube. Leptoconchus, Riippel
;

no operculum ; the shell globular with a wide

aperture. Magilns, Montfort ; an operculum

present ; the last whorl of the .shell uncoiled

and very thick. Eapa, Klein ; an operculum
present ; shell globular and umbilicated, the

aperture provided with a canal. Family 12.

VoLUTiDAic, Gray. Head very flattened, and
transversally widened, with the eyes on the

sides ; snout short : foot broad : siphon with i- °'"i!'ce of Uu: iicdai giaiKi'; 11,

. ^ '
1 ^ -rr J T- iiiantlo and oi)eiiiii;;of tliepallial

internal api^enaages. Genera

—

V oluta, Lin- cavity ; in, oporeuiuin ; iv, an-

naeus; head with eyes; Australian seas. E^fe"'e'l",rtT,Xle • vi!

Guivillea, Watson ; no eyes ; abyssal. Cymba, sijihon ; vii, mouth. (After

Broderip and Sowerby ; viviparous. Family °" "^^

13. Olividae, d'Orbigny. Eyes, when present, on the middle of the

tentacles ; fore part of the foot with a transverse groove ; a posterior

pallial tentacle
; generally burrowing. Genera

—

Oliva, Bruguiere ; eyes
;

no operculum. Olivella, Swainson ; tentacles without eyes ; an operculum.

Ancillaria, Lamarck. Agaronia, Gray. Family 14. Marginellidae,
Adams. Foot very large ; mantle reflected over the shell. Genera

—

Marginella, Lamarck ; foot without operculum ; a central gland-pore.

Pseudomargiiiella, Carriere ; foot with an operculum and an anterior gland-

Pio. 144.

Conns lineatiis, ventral aspect.
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pore. Family 1 5. Harpidae, Chenu. Foot very great ; without oper-

culum ; shell with a short spire and longitudinal ribs ; siphon long.

<jrenus— //arjM, Lamarck.

Tribe 2. Toxiglossa.

Stenoglossa without jaws, and with a radular formula of 1.0.1 ; a

*' poison gland" present, whose duct traverses the nerve-collar.

Family 1. Pleurotomatidae, Loven. Shell fu.siibrm with an elongated

spire ; the margin of the shell and mantle notched ; siphon rather long
;

eyes situated on the sides of the tentacles. Genera

—

Clavatula, Lamarck
;

operculum piriform with a lateral nucleus ; eyes near the extremities of

the tentacles. Pleurotoma, Lamarck ; operculum oval with nucleus near

the summit ; eyes near the bases of the tentacles. Mangilia, Risso ; no

operculum; eyes half-way up the tentacles. Bela, Gray. Fusionella,

Gray. Pontiothauma, Smith. Family 2. Terebridae, Adams. Shell

turriculated, with numerous whorls ; aperture and operculum oval ; foot

small ; eyes at the summits of the tentacles ; siphon long. Genus

—

Terebra, Adansou. Family 3. Conidae, Gray. Shell conical, with a

very short spire and a narrow aperture with parallel borders ; eyes

borne near the middle of the external sides of the tentacles ; an ungui-

form operculum. Genus

—

('onus, Linnaeus (Fig. 144).

Sub-Class IL Euthyneura, Spengel

( = Platymalakia, von Jhering = Androgyna, Morch).

These are hermaphrodite Gastropoda, whose radula is generally

composed of uniform teeth on each side of the median tooth

(Fig. 145). The head in most cases bears tw'o pairs of tentacles;

it is onl}'^ in Lophocerms,

the Elysiomorpha,
Hedyle m ilascheintclii,

and the Janellidae that

there is a single pair.

The Euthyneura ai'e

specially characterised
^cemtwHata, a single row of teeth of the radula; formula: i... <.>,„ ,lr>f^vc-,"^t» ^( fVioir.

oo.l.cc. (From Lankester, after Loven.) ''} "^"6 tietOlSlon 01 ineir

organisationwhen adult;

this detorsion is particularly well manifested in the visceral com-

missure, which is no longer twisted, except in some archaic forms

of Tectibranchs {Adaeon, Fig. 57) and Pulmonates {Chilina), and

sliows a tendency to the concentration of all its elements round

the oesophagus (Fig. 146). To such a degree is this concentration

carried that, with the exception of the majority of the Bullomorpha

and of ApJiJsia (Fig. 95), the whole central nervous system is

aggregated in the cephalic region (Fig. 97), sometimes on the dorsal

side, as in the Pleurobranchidae and Nudibranchia (Fig. 159),

sometimes on the ventral side as in the Thecosomata (Fig. 60, n.s).

The pedal centres are frequently united by a second " parapedal

"
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(Figs. 95, pe, and 96, [j-pc) commissure. The sub-class includes the

two orders, Opisthobranchia and Pulmonata.

Order 1. Opisthobranchia, ]\Iilne-Edwards,

Marine Euthyneura with aquatic respiration ; the ventricle of

the heart is generally anterior, and the pallial cavity, when present,

is widely open. There is a mai'ked tendency to a reduction of the

shell, which may become internal or disappear. In the naked
forms spicules are sometimes developed (Pleurobranchidae, Dorido-

niorpha, Hedylidae, Fig. 168, qi.). The order comprises two sub-

orders, Tectibranchia and Nudibranchia.

Central iiprvous system of Limiweo stdgnnHs, li^ht-siile view. '<», bnecal mass; gf.o, ab-
dominal gaiijilioii ;

g.hii, buccal or stouiato-gastric t;aii,nlion ; {i.re, cerebral ganglion
; g.p, pedal

ganglion ; g.pl, pleural ganglion ;
g.K.i, supra-intestinal ganglion ; lo.d, dorsal lobe of cerebral

ganglion ; lo.l, lateral lobe of cerebral ganglion ; n.t-o, columellar nerve ; nJa, labial nerve ; n.o.

optic nerve; a.jxi, right jiallial nerve; ii.par, parietal nerves; u.pe, penial nerve; n.te,

tentacular nerve ; oe, oesopliagus ; ot, otocyst and nerve.

Sub-Order 1. Tectibranchia, Cuvier.

Opisthobranchs provided in the adult state witli a mantle and a shell,

with the exceptions Runcina, Pleurohranchaea, the Cynibuliidue, and some

Aplysiomorpha. There i.s a ctenidinni, except in some " Tliecosoinata "

and " Gymnosomata," and an ospliradium. The sub-order includes three

tribes, the Bullomorpha, the Aplysiomorpha, and the Pleurobraiichomorplia.

Tribe 1. Bullomorpha.

In these Tectibranch.s the shell is usually well developed (it is want-

ing in Runcina and the Cynibuliidae), and may be external or internal.

There is no operculum except in the Actaeonidae and Limacinidae (Fig.

49, op). The pallial cavity is always well developed, and contains the

ctenidium, in part at least : this ctenidium, except in the Lophocercidae,

is of the " folded " type. With the excejjtion of the Aplustridae, Lopho-

cercidae, and Thecosomata, the head is devoid of apparent tentacles, and

its dorsal surface forms a digging disc or .shield usually separate from the

neck, and with more or less scolloped margins. The edges of the foot

(parapodia) are continuous with the ventral face of that organ (Fig. 147,/),

and are often transformed into highly -developed fins (Fig. 151, VI).
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Posteriorly the mantle forms a large " pallial lobe " under the pallial

aperture (Figs. 98, i.l ; 148, I). The stomach is generally provided with

chitinous, or even calcified, masticatory plates (Fig. 76, w.j?). The visceral

commissure is fairly long, except in such specialised forms as Runcina,

Lohiger, and the Thecosomata (Fig. 60, n.s). The hermaphrodite genital

aperture is connected with the penis by a ciliated groove, except in Adaeon
(Fig. 148), Lohiger, and Gavolinia longirostris, in which the spermiduct is a

closed tube. The Bullomorpha are swimmers or burrowers.

Family 1. Actaeonidae, Adams. Cephalic shield bifid posteriorly;

the margins of the foot slightly developed ; the genital ducts diaulic ; the

visceral commissure streptoneurous ; the shell thick, with a prominent

spire and elongated aperture ; columella generally folded ; a corneous

paucispiral operculum. Genera

—

Adaeon, Montfort ; British (Fig. 148).

Solidula, Fischer von Waldheim. Tornatellcea, Conrad ; extinct. Triplaca,

Tate; from the Eocene. A deladaeon, Cossmann. Adaeonina, H'Ovhigny
;

Carboniferous to recent. Bullina, Ferussac. Bullinula, Beck. Adaeo-

\i8.

Actacon fornatilis, removed from its shell, right-side view.
I, iiiforior lobe of the mantle ; II, glandular liollow pallial
apiioiidage (extending to the tiist whorls) ; III, pallial (hypo-
biaiieliial) gland ; IV, opening of the pallial cavity ; V, eye and
cephalic hood ; VI, penis.

Fig. 14'

Ace.ra bullata, swimming,
left-side view. /, fin (foot)

;

m, mouth ; sh, shell. (After
Guiart.)

nella, d'Orbigny ; from

the Cretaceous. Vol-

rarm, Lamarck ; Eocene.

Odostomiopsis, Thiele.

Family 2. Ringicu-

LIDAE, Fischer. Cephalic disc enlarged anteriorly and forming an open tube

pasteriorly ; shell external, thick, with a prominent spire ; no operculum.

Genera—i?Mif/n«^rt, Ueshayes. i*jt(/n »s, Hedley. Cinulia,Qvay ; from the

Cretaceous. Avellana, d'Orbigny ; from the Cretaceous. Fortisia, Bayan
;

from the Eocene. Family 3. Tornatinidae, Fischer. Margins of the

foot not prominent ; no radula ; .shell external with inconspicuous spire
;

no operculum. Genera

—

Tornatina, Adams ; British. Eetusa, Brown.

Volvula, Adams. Family 4. Scaphandridae, Fischer. Cephalic shield

short, truncated posteriorly ; eyes deeply imbedded ; three calcareous

stomachal plates, two broad and paired, one narrow and azygos ; shell

external, with reduced spire. Genera

—

Scaphander, Montfort; British.

Habatia, Bellardi ; Eocene. Atys, Montfort. Smaragdinella, Adams.
Gylichna, Loven ; British. Amphrsphura, Loven ; British. Family 5.

BuLLiDAE, d'Orbigny. Margins of the foot well developed ; eyes super-

ficial ; three chitinous stomachal plates ; shell external, with reduced
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spire. Genera— Bulla, Linnaeus ; British. Haminca, Leach ; British

(Fig. 98). Family 6. Aceratidae, Pilsbry. Cephalic shiehl continuous

with the neck ; twelve to fourteen chitinous stomachal plates ; a posterior

pallial filament passing through a notch in the shell. Genera

—

Acera, 0. F.

Miiller ; British (Fig. 147). Cylindrobnlln, Fischer. Volvatella, Pease.

Family 7. Aplcstridae, Chonn. Foot verj- broad ; cei^halic shield with

5'

6

Fig. 149.

Hydatina vexillum, as seen crawling, a', anterior part of the foot ; h, h', cephalic tentacles ;

i, shell. (From Lankester, after Adams.)

four tentacles ; shell external, thin, without prominent spire. Genera

—

H]jdatina, Schumacher (Fig. 149). Ajilustrum, Schumacher. Micromelo,

Pilsbry. Family 8. Philinidae, Adams. Cephalic shield broad, thick,

and simple ; shell wholly internal, thin, the spiral much reduced and the

aperture very large. Genera

—

Philine, Ascanius (Fig. 58) ;
gizzard with

three similar calcareous ma.sticatory plates ; British. Cryptophthahmts,

Ehrenberg. Chelinodura, Adams. I'hanerophUialmus, Adams. Colpo-

daspis, Sars ; British. Colobocephalus, Sars.

Family 9. Doridiidae, Fischer. Cephalic

shield ending posteriorly in a median point
;

mantle well developed ; shell iuternal,

largely membranous ; digestive canal with-

out radula and without masticatory plates.

Genera— Doridhim, Meckel. Navarchux,

Cooper. Family 10. Gasteopteridae,
Fischer. Cephalic .shield pointed behind

;

shell internal, chiefly membranous with a

calcified nucleus, nautiloid
;
parapodia well

developed, forming fins. Gas^tropteron, Kosse.

Family 11. Runx-inidae, Adanjs. Cephalic

shield continuous with tlie dorsal integu-

ments of the body 3 no shell ; ctenidium

projecting from the mantle cavity; four

stomachal plates. Genus

—

Runcina, Forbes
;

British. Family 12. Lophocercidae,
Adams. Shell globular or ovoid, external

;

foot elongated, the parapodia separate from
the ventral .surface of the foot

; genital duct diaulic ; visceral commissure

short. Genera

—

Lohiger, Krohn
; parapodia divideil into two fins on each

Fio. loO.

Lophocercus sieholdi. A, dorsal
aspect ; /{, ventral aspect ; C, the
slii'lj. /, foot; /', parapodia or
ant'Tiiir lateral lobe of foot, re-

flected on the shell ; m, mouth ;

sh, shell ; t, tentacle. (After
Souleyet.)
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side ; two pairs of tentacles; Mediterranean. Loj)lLOcercus, Krohn
;
parapodia

undivided and applied to the shell ; a single pair of tentacles ; Mediter-

ranean (Fig. 150). Family 13. Limacinidae, Gray. Dextral animals

with visceral mass and shell coiled "pseiido-sinistrally" (ultra-dextrally)
;

operculum with sinistral spiral
;

pallial cavity dorsal. Genera

—

Feradis,

Forbes ; head proboscidiform, with symmetrical tentacles ; a ctenidium.

Limacina, Cuvier ; head much reduced ; the right tentacle larger than the

left (Fig. 63) ; British. Family 14. Cymbuliidae, Cantraine. Adult
without shell ; a sub-epithelial pseudoconch formed by the connective

tissue
;
pallial aperture ventral. Genera

—

Cymbtdia, Pevon and Lesueur
;

pseudoconch thick ; foot witli a median ventral filament (Fig. 151),

C'ymbuliojjsis, Pelseueer
;

pseudoconch tliin, witli a large cavity. Gleba,

Fio. 151.

Cymbidia pcronl, swimming,', left-side view. I, position of the mouth, seen throuj.'li the tin ;

II, tliesub-opitlielial pseiifloconcli ; III, visceral mass ; IV, pallial cavity ; V, posterior Hagellum
of the foot ; VI, left tin. (After Delle Cliiajc.)

Forskul
;
pseudoconch thin, with scarcely any cavity. Desmopterus, Chun

;

each fin with a posterior iilament. Family 15. Cavoliniidae, d'Orbigny.

Visceral mass and shell not coiled, symmetrical; pallial aperture ventral.

Genera

—

Cavolinia, Abildgaard ; visceral mass and shell more or less

ilattened dorso-ventrally (Fig. 153) ;
pallial appendages present which pass

tlirough lateral fissures in the shell. Clio, Browne ; mantle without

jirojecting appendages ; shell not septate ; universally distriljuted (Fig. 152).

(Jnvierina, Boas ; shell with a posterior septum ; circular in section. The
three last families form the group formerly known as " Thecosomatous

Pteropods." These animals are characterised, in contrast to other allied

Mollusca, by the foot, which is entirely traiisfDrmed into two anterior

symmetrical fins ; by the existence of a mantle and mantle-cavity ; by the

absence of eyes in the adult ; by tlie absence of a ctenidium, except in
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certain sijecies of Peraclis and Cavolinia ; and In' the iiosition of the nerve-

centres at the sides and on the ventral side of the oesophagus. All three

families are pelagic.

Fig. 153.

Slioll of Cavolinia tndentata, seen

from tlie right side. /, postero - dorsal

surface ; (j, aiitero-ventral surface ; h,

median dorsal spine ; i, mouth of the

shell. (From Lankester, after Souleyet.)

Tribe 2. Aplysiomorpha.

In these Tectibranchs the shell

is always much reduced and more

or less internal, or it m&y be alto-

gether lost in the adult, e.g. in

Fhyllaj)hjsia and the Gymnoso-

mata. The head bears two pairs

of tentacles. The margins of the

foot, or parapodia, are separate

from the ventral surface and are

generally transformed into natatory

lobes (Fig. 155, fi). The visceral

commissure, except in Ap!]i>ii((, is

very much shortened. Tlie genital

duct is monaulic ; the hermaphro-

dite duct is connected with the

jjenis by a ciliated groove (Fig.

154). The animals comprised in

this tribe are crawling or swim-

ming forms.

Family 1. Aplysiidak,
d'Orbigny. The shell partly

covered in, or internal (absent in

ApUjdella) ; the foot long, with

well - developed ventral surface.

Genera

—

Ajdysia, Linnaeus ; shell

incompletely covered ;
jiarapodia

broad ; visceral commissure long
;

British (Fig. 154). Dolahdla,

Lamarck. Dolahrifir, Gray. Aplii.si(dlu, Fischer ; shell ooly slightly

covered in
;

parapodia slightly developed ; visceral commissure short.

Phyllaplysia, Fischer ; parapodia slightly developed ; no shell. Notarchus,

Cuvier ; shell internal, much reduced
; i)arapodia fused together dorsally

to form a contractile sac surrounding but not attached to the visceral sac.

Fio. 102.

Clio aciculn, ventral .isi)ect. C,

wins-like lateral lobe of the foot ; d,

median jmsterior lobe of the foot : r,

genital opening ; h, pointed extremity
of the shell ; i, anterior margin of the
shell ; ?i, st<jniach ; o, liver

; p, heart

;

u, hermaphrodite n'and. (From Lan-
kester, after Soult-yet.)



Aplysia leporina (dorsal aspect), with the parapodia and mantle reflected from the mid-line,

a, anterior cephalic tentacle ; b, posterior tentacle (between a and b, the eyes) ; c, right para-
podia ; d, left parapodia ; c, hinder paii, of visceral hump

; f.a, anterior part of the foot, under-
lying the head ; f.p, posterior extremity of the foot ; g, ctenidium ; k, the mantle-skirt tightly
spread over the horny shell and pushed with it to^vards the left side ; i, the spermatic groove

;

/.•, the common genital jjore ; /, orifice of the grape-shaped gland; m, osphradium ; n, outline
of part of the renal sac below the surface ; o, external aperture of the kidney ; p, anus. (After
Lankester.)

Fig. 155.

Dexiobranchoea jmucidens, Boas,
ventral aspect, V. c.i; posterior
ciliated ring ; /, anterior part of the
foot ; /', posterior part of the foot

;

Ji, fins or parapodia ; g, gill
;
pi; pro-

boscis ; .'Ml, suckers ; t, tentacle.
(After Boas.)

Fin. 150.

Halopsjjchf gaiidichmidi, ventral aspect,
the body-wall removed, the head to the right-

hand side, o, the month; c, the fin -like

lateral lobes of the foot ; d, the anterior
median jmrt of the foot ; <, cephalic tentacles

;

/, the posterior median part of the foot

;

k; retractor muscles ; I, appendages of the
cephalic tentacles ; o', anus ; o, p, liver ;

V, V, 11', genitalia ; y, genital pore. (From
Lankester, after Souleyet.)

172
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Family 2. PxEUMOxoDERiiAXiDAt;, Gray. Shell and mantle absent ; foot

shorter than the visceral mass, and with a much-reduced ventral surface
;

parapodia highly develojied and fin -shaped ;
pharynx evaginable, with

suckers. Genera

—

JJexiobranchaca, Boas ; suckers independent ; no terminal

posterior branchia. Pneumonoderma, Cuvier ; suckers united on two lobes

;

a quadriradiate terminal branchia. Spongiohranchaea, d'Orbigny ; a

simple annuliform teruiinal branchia. Schvcobracliium, ]\Ieisenheimer
;

acetabuliferous appendages ramified. Family 3. Clionopsidae, Costa.

No buccal appendages or suckers ; a very long evaginable proboscis ; a

quadriradiate terminal branchia. Genus

—

Clionopsis, Troschel. Family 4.

NoTOBRANCHAEiDAE, Pelseneer. Posterior branchia triradiate. Genus

—

Notobranchaea, Pelseneer. Family 5. Thliptodontidae, Kwietniewski.

Head very large, not marked oft" from the body ; neither branchia nor

suckers ; fins situated near the middle of the body. Genus

—

Thliptodon,

Boas. Family 6. Clioxidae, Gray. No branchia of any kind ; a

short evaginable pharynx, bearing paired conical buccal appendages or

" cephalocones." Genera

—

Glione, Pallas. Paraclione, Tesch. Fouierina,

Pelseneer. Family 7. HALOPSYCHiDiVE, Pelseneer. No branchia ; two long

and branched buccal appendages. Genus

—

Halopsyclie, Boas (Fig. 156).

The last six families form the group formerly known as the " Gymno-
somatous Pteropoda," characterised by the absence of the mantle and shell,

the reduction of the ventral surface of
^^

the foot, and the fin-shaped parapodia

placed at the anterior end of the body.

They are all pelagic.

Tribe 3. Pleurobranchomorpha.

In these Tectibranchs there are

two pairs of tentacles. The foot is

devoid of parapodia. There is no
pallial cavity, but there is always a

single ctenidium situated on the right

side and occupying the space between

the mantle and the foot. The genital

duct is diaulic, without an open
seminal groove ; the male and female

apertures are contiguous. The vis-

ceral commissure is short, and re-

semldes that of the Nudibranchs in

showing a tendency to the fusion of

the supra-intestinal and sub-intestinal

with the pleural ganglia, and the

concentration of all the ganglia on
the dorsal side of the oesophagus.

Family 1. Tylodixidae, Mazza-
relli. Shell external and conical ; the

anterior tentacles form a frontal veil

;

the right side ; a distinct osphradium. Genus

—

Tylodina, Kafinesque
;

Fio. 157.

Pletirobraru-hnea meclceii, dorsal aspect. I,

posterior tentacle or rliiiiopliore ; II, mantle

;

III, foot; IV, {,'ill ; V, position of tlie anus,
under the mantle ; VI, oritice of Hourne'ti
l)rebranchial K'and ; VII, genital (henna-
I)hrodite) oriHce ; Vlll, the fusi'd anterior
tentacles ; IX, expanded proboscis.

the ctenidium extending only over
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Meditermiieiiii. Family •!. Usiijkki.lidae, Gray. SlicU external, conical,

and much Hattened ; anterior tentacles very small and situated together

with the mouth in a notch in the foot below the head ; ctenidium very

large, extending above the neck. Genus

—

Umbrella, Lamarck (Fig. 158).

Family 3. Pleuuobran'chidak, Gray. Shell covered by the mantle or

absent ; the interior tentacles form a frontal veil ; spicules are formed in

the mantle ; foot flattened. Genera

—

Fleurobranchus, Cuvier ; mantle

long and Wroad ; shell internal, with a short spire. Bcrthella, Blainville,

Haliotinella, Souverbie. Oscaniiis, Leach ; British. Oscaniella, Bergh.

Oscaniopsu, Bergh. Pleurohranchaea, Meckel ; mantle short and narrow
;

no shell (Fig. 157).

Fig. 108.

Umlirella mi'diterru lien, vigM side view, a, mouth; /i, cephalic tentacle ; /i, ctenidium. The
free edge of the mantle is seen just below the margin of the shell. (From Lankester, after

Owen.)

Sub-Order 2. Nudibranchia, Cuvier.

Nakt'il Opisthobranchs without a shell in the adult state ; without

ctenidium and osphradium. These animals are generally slug-like and

exhibit an external symmetry. The visceral mass, except in the Hedylidae,

is no longer a sac nuiiked oif from the foot, and the dorsal integuments

fre([uently give rise to appendages which are subservient to respiration.

The nervous system is much concentrated ; the ganglia are generally

united on the dorsal side of tlie oesophagus ; the supra-intestinal and

infra-intestinal ganglia are fused with the pleurals (Fig. 159, «) ; the fusion

of the centres is sometimes carried to a great extent {Tethys), but the

several iiifra-oesophageal commissures (pedal, visceral, and stomato-gastric)

always remain distinct. The visceral commissure is always reduced, and

is generally witliout a ganglion. Accessory stomato-gastric or "gastro-

oesophageal " ganglia are present. The gonad is subdivided into male

and female acini (Fig. 102, Bj except in the Elysiomorpha. The Nudi-

branchia are marine, generally carnivorous, and brightly coloured,

adbnling many instances of mimicry. There is no osphradium, but its

absence is compensated by the increased development of the olfactory organ

or rhinophore. In ontogeny the free veliger stage of Nudilivanchs (Fig. 61)

is followed by a planariform creei)ing stage, during which the shell is

rapidly lost (Fig. 1 16, B) ; and finally the dorsal appendages are acquired,

notably the doi-sal papillae of the Eolids, of which the most anterior are

tlie first to be developed. Cenia is the only form that leaves the egg in

the adult c(mdition ; it has no embryonic shell, and the embryonic velum



THE GASTROPODA '75

is extremely reduced. The pliylogenetic relationships between the Nudi-

branchs and Tectibranchs are clearly exhibited by the organisation of the

Pleurobranchoniorpha, in which there is neither a pallial cavity nor an

osphradium, and the respiration is largely pallial. The shell is altogether

absent in Pleurohranchaea ; the nervous system is concentrated on the

dorsal side of the oesophagus ; spicules and cnidocysts are found in the

dorsal integuments. The mantle of the Doridomorpha is completely

homologous with that of the Pleurobranchidae, and is in no wise to be

regarded as an epipodiiun reflected over the dorsal surface of the body.

FlO. 159.

Xervous system of Goniodoris, dorsal view, a, cerebro-pleural ganglion, with eye and oto-
cyst ; 6, pedal ganglion ; c, sub-cerebral commissure ; d, visceral coininissure ; e, visceral nerve ;

/, genital nerve ; g, penial nerve ; h, pallial nerve ; i, tentacular nerve and ganglion
; j, stoniato-

gastric ganglion.

Tribe 1. Tritoniomorpha.

Nudibranchia in which the liver is wholly or partially contained in

the visceral mass. The anus is lateral, (^n the right side. There are

generally two rows of ramified dorsal appendages (Fig. 83, II). The genital

duct is diaulic ; the male and female orifices contiguous. Family 1.

Tritoniidak, Adams. The anterior tentacles form a fi'ontal veil ; the

foot rather broad. Genera

—

Tritonia, Cuvier ; stomach without horny
plates ; British (Fig. 83). Marionia, Vayssieru ; stomach with horny plates.

Family 2. Scyllaeidae, Alder and Hancock. No anterior tentacles

;

dorsal appendages broad and foliaceous ; foot very narrow ; stomach with

horny plates. Genus—>S'ci/?/oeo, Linnaeus
;
pelagic. Family 3. Phyllir-

HOIDAE, Adams. No anterior tentacles and no dorsal appendages ; body
laterally compressed ; transparent natatory forms. Genus

—

Phyllirhoe,

Peron and Lesueur (Fig. 161). Family 4. Tethyidae, Alder and
Hancock. Head broad, surrounded by a funnel -sliaped velum or hood

;

no radula ; dorsal appendages foliaceous. Genera

—

Tcthys, Linnaeus
;

foot broad; no mandibles (Fig. 160, B). Melihe, Rang; foot narrow;
mandibles present. Family 5. Dendroxotidae, Alder and Hancock.
Anterior tentixcles forming a scolloped frontal veil ; dorsal appendages and
tentacles similarly ramified. Genera

—

Dendronotus, Alder and Hancock
;
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British. Gma'pasiw^ Bergh. Family 6. Bornellidae, Fischer. The
dorsum garnished on either side with papillae at the bases of which are

Fig. 160.

A, EoUs papulosa, dorsal view; a, posterior cpplialic tentacle (rliinophore) ; h, anterior
cephalic tentacle ; c, the dorsal papillae. B, Tethys leporina, dorsal view ; a, the cephalic hood ;

b, cejjhalic tentacle ; c, neck ; d, genital porf ; e, anus ; /, large dorsal papillae ; .(/, smaller
dorsal papillae ; h, margin of the foot. C, Doris tuhcrculata, seen from the pedal surface ; !),

margin of the head ; /, sole of the foot; m, mouth ; sp, the mantle. D, K, dor.sal and lateral

view of Elysia viridis ; b, tentacle ; ep, lateral outgrowths. (From Lankester, after Hancock,
Cuvier, and Allmann.)

y.; r!: ^ ,;;,

Fig. 161.

PhyUirhoc biiccpMum, right-side view ;

the internal organs are shown as seen by
transmitted light, a, mouth ; b, radular
sac ; c, oesopliagus ; &, intestine ; d,

stomach; /, the genital pore; /', anus;
;') 9', 0"> 'J"\ tlie four lobes of the liver

;

/(, the heart (auricle and ventricle) ; I, the
renal sac ; V, tlie ciliated reno-pericardial
ihict ; m, tlie external opening of the
renal sac ; n, the cerebral ganglion ; o,

tlio cephalic tentacles; w, tlie parasitic
medusa Mncsira, usually found attached
ill this position ; y, the ovo-testes. (From
Lankester, after Keferstein.)

luniitied appendages. Genus

—

Bomella, Gray. Family 7. Lomanotidae,

Bergh. Body ilattened ; the two dorsal borders pioinineut and foliaceous

Genus

—

Lomanotus, Verany ; British.
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Tribe 2. Doridomorpha.

Xudibranchia with external symnietrv, in consequence of the median

position of the anus, which is posterior and generally dorsal, and sur-

rounded by ramified pallial appendages constituting a secondary branchia

(Fig. 162, r/). The liver is not ramified in the integuments. The genital

duct triaulic. Spicules present in the mantle.

Family 1. Polyceratidae, Abraham. A more or less prominent

frontal veil ; branchiae non-retractile. Genera

—

Euplocamiis, Philippi

(Fig. 162) ; ramified dorsal appendages on the border of the mantle.

futa

Fig. 162.

Euplocamiis crorms, dorsal aspect.
a, anus

; /, foot ; fr.a, frontal a])pen(l-
ages ; g, gill ; jKt.a, pallial appendages :

rh, rhinophore. (.\fter Vayssiere.)

Aticula crixtata, dorsal view, a,

anus ; br, pallial gill encircling the
anus (external to these respiratory
appendages are seen ten other club-
like pallial appendages); t, posterior
(branched) cephalic tentacle or rhino-
phore. (From Laiikester, after Alder
and Hancock.)

Polycera, Cuvier ; the mantle border bears on each side a single posterior

pointed appendage ; Briti.sh. Tliecacera, Johnston ; the mantle border

with club-shaped appendages ; the brancliia formed of three lobes directed

forwards ; Britisli. Aeijirus, Loven ; body tuberculate ; rhinophores not

lamellar ; a dorsal mandible ; British. Plocamopherus, Leuckart. Palio,

Gray. Crimora, Alder and Hancock. Triopa, Johnston, British. Trio-

pella, Sars. Family 2. Goxiodouididae, Adams. Mantle border pro-

jecting ; frontal veil reduced and often covered by the anterior border of

the mantle. Genera

—

Goniodoris, Forbes ; frontal veil not continuous

with tlie mantle ; mantle quadrangular and incised posteriorly ; British.

Acantltodons, Gvay ; mantle oval, papillate ; rhinophores retractile ; British.

Idalia, Leuckart ; mantle reduced and fringed with long appendages
;
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rliinopliores very long, non-retractile ; British. A'licula, Loven ; mantle

border scarcely distinguishable, witliout appendages ; rhinophores branched

;

British (Fig. 163). Doridanculus, Sars. Lamelhdoris, Alder and Han-

cock. Ancylodoris, Dybowsky, the only freshwater Nudibranch, from Lake

Baikal, prol)ably belongs to this family. Family 3. Heterodorididae,

Fischer. No branchia. Genus

—

Heterodoris, Verrill and Emerton.

Family 4. Dorididae, Gray. Mantle oval, ccjveiing the head and the

greater part of the body ; anterior tentacles ill developed ; branchiae

generally retractile. Genera

—

Hexabranchus, Ehrenberg ; branchiae made
up of separate fascicles, retractile within distinct

cavities. Doris, Linnaeus ; mantle elliptical,

covering the whole body ; branchiae tri- oi-

quadri-pennatitid ; British (Fig. 160, C). (Sub-

genera— Archidoris, Bergh. Rostcmga, Bergh.

Aldisa, Bergh. Cadlina, Bergh. Jorunna, Bergh.

Platydoris, Bergh). Chromodoris, Alder and

Hancock ; body long and narrow ; foot longer

than the mantle ; branchial plumes simply

pinnate. Family 5. Doridopsidae, Alder.

Pharynx suctorial ; no radula
;

peri-branciiial

rosette on the dorsal surface, above the mantle

border. Genus

—

Doridojm's, Alder and Hancock.

Family 6. Corambidae, Bergh. Anus and

branchia posterior below the mantle bolder.
Corambe testudlnaria, ven- nip,,.,„ nornmhe Ber"h CFi" le4^ F\MnY 7

tral aspect, magnified, /.foot; ^enus uoranic^e, jjeigu i^rig. .lo^j. rAMiLi i.

g, paiiiai gills ; m, mouth ;
pa, Phyllidiidae, Alder and Haucock. Pharvnx

"mantle"; «, tentacle. (Alter , i i i
• j- ^i i j "

i

H.Fischer.) suctorial; branchiae surrounding the body and

placed between the mantle and the foot. Genera
—Phyllidea, Cuvier ; anus dorsal. Fnjrria, Gray ; anus posterior between

the mantle and the foot.

The three last families constitute the sub -tribe " Porostomata,'""

characterised by the reduction of the buccal bulb, which is transformed

into a suctorial apparatus.

Tribe 3. Eolidomorpha ( = Cladohepatica).

Nudibranchs in which the whole of the liver is contained in the

integuments and the tegumentary papillae (Fig. 77). The genital duct

is diaulic, and the male and female orifices are contiguous. A pair of

laterally placed mandibles is present (Fig. 73, A). The anus is antero-

lateral, except in the Proctonotidae, in which it is median. The tegu-

mentary papillae are not ramified : they frequently contain terminal sacs

(cnidosacs), which communicate on the one hand with the exterior, on the

other hand with the digestive canal (Fig. 165). The cnidosacs contain

nematocysts, which according to Wright and to Grosveuor are derived

from the various species of llydroids ou which the animals feed. The
nematocysts are invaginated while they are in the cnidosacs, but when
expelled from them they are evaginated (Fig. 166). In some species of

Hedyle and Pseudovermis, in which there are no tegumentary papillae.
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L

cnidosacs are found in the integuments ; caj. Pseudovermis parailoxus

(Fig. 16!)).

Family 1. Eolididae, d'Orbigny. Dorsal papillae spindle-shaped or

club-shaped, each ending in an open sac of endoderniic origin which

communicates with a hepatic caecum and contains nematocysts. Genera
—Eolia, Cuvier ; the anterior angles of the foot prominent ; rhinophores

smooth ; dorsal papiUae compressed ; British

(Fig. 160, A). Facelina, Alder and Hancock
;

rhinophores foliated; radula

triserial ; British. Terrjipes,

Cuvier ; rhinophores simple

;

radula uniserial ; dorsal pa-

pillae in a single row on

either side ; otocj-st with an

otolith ; British. Gonieolis,

Bergh ; no eyes. C'utho7Ui,

Alder and Hancock. Erable-

toida, Alder and Hancock.

Galvina, Alder and Hancock.

Calnm, Alder and Hancock.

Hero, Loven ; a frontal

velum ; rhinophores simple
;

dorsal appendages in umbel-

liform clusters. Faiiily 2.

Glaccidae, Gray. The
body furnished with three

pairs of lateral lobes bearing

tlie tegumentary papillae

;

foot very narrow ; free-

swimming pelagic forms.

Genus — Glaucus, Forster.

Family 3. Hedylidae,
Bergh. Body elongated

;

the visceral mass marked

off from the posterior part of the foot
;

ages absent or reduced to a single pair

integument. Genus

—

Hedyle, Bergh (Fig.

Sea of Marmora, Mytilene, Flores. Family 4. Pseudovermidae,

Pelseneer. Head devoid of tentacles ; body elongated ; the anus on

the right side. Genus— Pseiidovennis, PeriaslavzefF (Fig. 169) ; from

the Black Sea and Mytilene. Family 5. Proctonotidae, Alder and

Hancock. Anus situated posteriorly in tlie median line of the back
;

anterior tentacles atrophied ; foot broad. Genera— Janus, Verany
;

a median crest between the rhinophoies ; British. Prodonotus, Alder

and Hancock ; no intertantacular crest ; British. Family 6. Dotonidae,

Adams. Bases of the rhinophores surrounded by a sheath ; dorsal

papillae club-shaped and more or less tuberculated, arranged in a single

row on either side of the dorsum ; no cnidosacs. Genera

—

Doto, Oken
;

a frontal veil ; British. Gcllina, Gray ; no frontal veil. Ueromorpha,

of a

Fig. 105.

Sagittal section
dorsal papilla of F.oVts. c.s,

cnidocystip sac ; (/, duct
of junction between the
hepatic caeciHn and the
cnidocystic sac ; f/i, exter-

nal epithelium ; /i.c, hep-
atic caecum.

Evaginated cnidocyst
from Eolis punctata, x 500.

(After Vayssiere.)

dorsal tegumentary append-

; spicules developed in the

168) ; from the Black Sea,



i8o THE GASTROPODA

Bergh. Family 7. Fionidae, Alder and Hancock. Dorsal tegunientary

papillae provided with a membranous expansion ; liver in the form of

two longitudinal canals into which the caeca of the dorsal papillae open
;

male and female orifices at some distance from one another
; pelagic.

Fio. Kir.

F\i!uro-p)i\]l\idia liiieata. A, dorsal view ; B,
ventral view, b, the mouth ; /, laiuelliform
pallial gills (the ijosterior part of the foot bears
a median glandular tract). (From I.ankester,
after Souleyet.)

lledyle glanduVfem, dorsal aspect, e,

eye ; /, foot (posterior part) : ii.s, nervous
system ; ph, jiharynx ; sp, spicula ; 1:111,

visceral mass. (After Kowalewsky.)

Fio. 169.

Pseudovennis jmradomis,
dorsal aspect, a, anus ; cd,

cnidosac ; «•, eye ; /.-, kidney ;

/, liver; m, mouth (on the
ventral side, seen through
the transparent head); ii.s,

nervous system ; or, oto-
cyst

; j)A, pharynx ; st,

stomach. (After Kowalew-
sky.)

(i(imii—Fio)ia, Hancock and Embleton. Family 8. Pleurophyllididae,
Adams. Anterior tentacles in the form of a digging shield ; mantle
naked ; tegumentary papillae or " branchia " situated along the sides of
the foot, beneath the mantle border. Genus— PlcurophxjUidia, Meckel
(Fig. 1G7). Family 9. Dermatobranchidae, Fischer. Like Pleuro-
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phyllidia, but wliolly devoid of " branchiae." Genus

—

JJermatobmnchus,

van Hasselt.

Tribe 4. Elysiomorpha.

Nudibranchia in wliich the liver ramifies in the integuments and

extends into the dorsal papillae. The genital duct is always triaulic,

and the male and female orifices are distant (Fig. 105). The gonad is

divided into spheroidal hermaphrodite lobules. There are no manilibles,

and the radula is uniserial. There is never more than one pair of tentacles,

and these are wanting in Alderia and some species of Limapontia. The

otocysts contain each a single otolith.

Family 1. Hermaeidae, Adams. Foot narrow ; dorsal ijapillae

without nematocysts, linear or fusiform, and disposed in several series.

Genera

—

Hermaea, Loven ; rhiilophores split throughout their length
;

dorsal papillae linear ; anus antero-dorsal ; British. Stilifjer, Ehrenberg
;

rhinophores simple ; dorsal papillae fusiform or ovoid ; anus antero-doi-sal.

Alderia, Allman ; anus median and posterior ; no tentacles ; dorsal

papillae linear ; inhabitants of brackish waters ; British. Family 2.

Phyllobranchidae, Bergli. Foot broad ; dorsal papillae without

Fio. 170.

Cenia cocksi, left-side view, uiagnitied a, anus. (After Hancock.)

nematocy.sts, fiattened and foliaceous. Genera

—

Phyllobranchus, Alder

and Hancock ; foot simple ; anus latero-dorsal. Cyerce, Bergh ; ventral

part of the foot divided transversely ; anus median. Family 3. Plako-

BRANCHiD.iE, d'Orbigny. Body depressed, without dorsal papillae, but with

two very large lateral e.\i5ansions with dorsal plications ; head flattened ;

eyes approximated. Genus

—

Plakohranchus, van Hasselt. Family 4.

Ely.siidae, Adams. Body elongated, with lateral expansions ; head

rounded and eyes separated ; tentacles large ; foot narrow. Genera

—

Ehj.^iii, Risso ; British (Fig. 160, D, E). Tridachia, Deshayes. Family 5.

LiJiAi'ONTiiDAE, Adams. No lateral expansions of the body and no dorsal

papillae ; body planariform ; anus dorsal, median, and posterior. Genera
—Lima2)onti((, Johnston ; no tentacles ; head and body devoid of crests

;

Briti.sh. Adaeoriia, Quatrefages ; head carinated laterally ; British.

Cenia, Alder and Hancock ; head with two long tentacles (Fig. 170).

Order 2. Pulmonata, Cuvier.

Euthyneura with a pallial cavity but no ctenidium. The pallial

aperture is diminished by the fusion of the mantle border Avith the

neck, and reduced to a comparatively small contractile orifice at its

posterior extremity (Fig. 177, V). The pallial cavity and shell are
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often reduced ; the latter may be partially covered over, or internal,

or even absent. There is never an operculum in the adult, except

in Arnj)hibola , and an operculum is only found during development

in the Auriculidae, Siphonariidae, and Oncidiidae, all of Avhich are

marine forms. In the pallial cavity the interior wall of the mantle

is traversed by vascular arborisations (Fig. 8G, X), and thus con-

stitutes a pulmonary organ adapted for breathing air. In the

Janellidae the pulmonary cavity is prolonged into fine respiratory

canaliculi (Fig. 90, tr), and thus becomes a tracheal lung. It is

much reduced in the Oncidiidae, and in Ancylus and the Vaginulidae

it disappears as a consequence of the complete abortion of the pallial

cavity. In some rare cases the jDulmonary cavity may be filled

with water, and then its wall may give rise to a secondary branchia

which is not the equivalent of a ctenidium (Sijyhonaria, Fig. 174,

III). In other cases the inferior pallial lobe, situated beneath the

pulmonary orifice of the Basommatophora, may be transformed

into a branchia (Planorbidae, Figs. 89, '/, and 175, br). The auricle

of the heart is usually anterior (Fig. 86), as is the case in the most
archaic Oi^isthobranchs, and it is only

in the excessively detorted forms such

as Testacella and the Oncidiidae that

the A'entricle lies in front of the

auricle. The kidney usually has a

more or less elongated duct or
" ureter " (Stylommatophora, Fig.

86, V). In the nervous system, as a

rule, all the ganglia are concentrated

round the oesophagus and are closely

apposed to one another (Fig. 146), but

this is not the case in some archaic

Basommatophora such as Chilina,

Aurkuht, Latia (Fig. 96). In the

Auriculid Pijthia, the spermiduct re-

tains the character of an open ciliated

groove leading from the hermaphro-

dite aperture to the penial orifice

(Fig. 171, d) : in other Auriculidae

this groove is simply closed to form
Fifi. 171.

lleprochictive apparatus of Pythia.
oil), albumiuipai'ous uland ; ci, ciliated i . j- r ^i i_

groove ; /, (oi.i in the distai part of the ^ caual extending from the herma-
spernioviduct

; {i.gl, ovo-testis; h.o, nhroditP to the mnlp nnfipp Tii all
hennaphro.lit.-orillce;j,i.o,inaleorilice; i""""'t« ^O tue maiC OIlDCe. lU au
111 «c, imitotis gland; J).',

penis; rf(, le- Other Pulmouates there is no longer
tractor muscle of penis; r.s, recepta- . , .„ ,

culinii seniinis; sp, spermiduct; spo, a COmmou genital Orihce, DUt

(Knate!)'
"'•'' ''""""' ''"'"'• hermaphrodite duct bifurcates

form a distinct oviduct of greater

or less length, and the piimitive hermaphrodite aperture becomes
the female orifice. As a result of secondary chauiijes, the orifices

the

to
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of the oviduct and penis may be approximated, a condition found

in the majority of the Stylommatophora (Fig. 104).

The Pulmonates never have a free hirval form ; if a veliger is

developed it is always contained in the egg membranes. The

majority of Stylommatophora do not pass through a veliger stage,

and in other forms the velum is almost always ill developed (Fig.

Fig. 172.

A series of Styloiiiiiwitophorous Pulmonata, sliowing the reduction of the shell. A, Helix
pomatia ; IS, liuudilKmlia bnvipes ; C, 'refta4jeUa httiiotUlea ; D, Arion ater. a, external shell in

A, B, C : shell-sac (closeil) in I) ; '<, orifice of the pallial or pulmonary cavity. • (From Lankester,
after FiTUssac, rfeifft-r, and Heevo.)

119, A, vc). The rulmonatcs are for the most part aerial, but

some live in fresh water, and others, but they are exceptional cases,

are marine. The Pulmonates are distributed over the whole world,

and include some seven thousand species, of which more than half

belong to the genus Helix. Most of them enter into a resting stage

during some part of the year ; in the summer in hot climates, in

the winter in cold climates. In our country the hibernation lasts

for rather more than a third of the year.
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The Pulmonata are divided into two sub-orders, Basommatophora

and Stylommatophora ; the former are generally aquatic, the latter

terrestrial,

Sub-Order 1. Basommatophora.

Testaceous Pulmonata with an external shell. The head hears a

single pair of well-developed contractile but not invaginable tentacles, at

the bases of which are the eyes (Fig. 107, I). The stomach, or at least a

part of it, is very muscular. The penis is at some distance from the

female aperture, except in Amphihola and Siphonaria. All have an

osphradiuin (except the Auriculidae, which are terrestrial), which is

situated outside the pallial cavity in those forms in which water is not

admitted into the lung {Limnuea, Flanorhis, Fig. 89, etc.). There is a

veliger stage in the development, but the velum is reduced.

Family 1. Auriculidae, Blainville. Terrestrial and usually mari-

time animals ; the genital duct monaulic, the penis being connected with

the hermaphrodite opening by an open or closed groove (Fig. 171) ; shell

with a prominent spire, the internal

partitions often absorbed and the aper-

ture denticulated. Genera

—

Auricula,

Lamarck ; foot not divided ; tentacles

swollen at their extremities ; shell

thick, oval, with an elongated aper-

ture, and two folds on the columellar

border. Cassidula, Ferussac ; foot

not divided transversely, but bifid

,.,,,.., , ,, .
posteriorly; tentacles tapering; shell

Otina otis, left-side view, coq, shea ; c, i •' ' i
.

eye ;p, loot. solid, umbilicated, with a short spire.

Alexia, Leach ; tentacles swollen and

pigmented at their extremities ; shell thin with a pointed spire, the

exterior border of the aperture slightly thickened ; British (Fig. 67).

Melami^us, Montfort ; foot divided transversely and bifid behind ; shell

solid, with a short spire and a narrow aperture. Carychium, Miiller ;

tentacles thick and shoit, with the eyes on the inside ; shell small and

short ; the aperture oval with a denticulated internal border ; terrestrial
;

British. Scarabus, Montfort ; foot not divided ; tentacles tapering ; shell

oval witli a pointed spire, and a very constricted aperture, the margins

bearing alternate tei th. Leuconia, Gray ; foot divided ; tentacles short

and compressed ; shell thin, oval, with a conical spire ; aperture oval,

the columellar border with a single fold ; British. Blauneria, Shuttle-

worth ; shell sinistral ; aperture elongated, with a single columellar

fold. Pedipes, Adanson ; foot divided transversely ; shell globular ; the

two borders of the aperture dentate
;
partitions not absorbed. Family 2.

Otinidae, Chenu. Shell with a short spire and a wide oval aperture ;

tentacles short. Genera

—

Otina, Gray ; shell auriform ; marine ; British

(Fig. 173). Camptonyx, Benson; shell conical with a spiral summit;
terrestrial. Family 3. Ami'hiboliuae, Adams. Visceral mass and shell

spirally coiled ; head broad, without prominent tentacles ; foot short,

operculated. Marine. Genus

—

Ampliihola, Schumacher ; from New
Zealand. Family 4. Sii'honariidae, Adams. Visceral mass and shell
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conical ; tentacles atrophied ; lieaJ expanded
;
genital orifices contiguous ;

marine animals, with an aquatic pallial cavity containing secondary

branchial laminae. Genera

—

Siphonaria, Sowerby (Fig. 174). Hercynella,

Kayser ; from the Devonian. Family 5. Gadiniidae, Gray. Visceral

mass and shell conical ; head flattened
;
pulmonary cavity aquatic, but

without a branchia
;
genital orifices separated. Genus

—

Gadinia, Gray.

Family 6. Chilinidae, Dall. Shell ovoid with a short spire, wide

aperture, and folded columella ; tentacles broad and flattened ; inferior

pallial lobe thick ; visceral commissure still twisted. Genus— Chilitia,

Gray ; rivers of Patagonia. Family 7. Limnaeidae, Broderip. Shell

thin, dextral, with prominent spire and oval aperture ; tentacles angular

and flat ; no inferior pallial lobe. Genera

—

Limnaea, Linnaeus (Fig.

107) ; shell wholly external, with a pointed spire : British. Amphi-

Klfi. 174.

Siphonaria algesirae, removal Iroiu its shelL I, lieart in llie iiericardinm : II, kidney ; III,

pallial iiitrapuliiionaiy gill ; IV, mantle ; V, columellar muscle ; VI, anus ; VII, ))nenmostome,
to tlio lelt of wliich (in the pulmonary cavity) is the osplirailial papilla; VIII, inferior pallial

lobe ; IX, renal pore.

peplea, Nillson ; shell in great measure covered by the mantle, globular,

with a very short spire ; British. Family 8. Pcmpholygidae, Dall.

Shell hyper.strophic (ultra-sinistral, that is to say, with an apparently

dextral coil) witli an obtuse spire ; the animal sinistral. Genera

—

Pnm-
pholyx, Lea ; tentacles dilated at their extremities ; shell depressed, the

last whorl ventricose ; from California. ChoauompJialas, Gerstfeldt ; shell

umbilicated, with convex whorls ; tentacles slender ; Lake Baikal and
California. Family 9. Planorbidae, Adams. Visceral mass and shell

sinistrally coiled ; inferior pallial lobe very prominent and transformed

into a branchia; tentacles tapering. Genera— Planorbis, Guettard

;

shell discoid ; branchia not folded (Fig. 89) ; British. B^dinus,

Adanson ; shell ovoid with prominent .spire ; branchia folded (Fig. 175).

Miratesta, Sarasin. Family 10. Axcylidae, Menke. Shell conical, not

spirally coiled ; tentacles short and compressed ; inferior pallial lobe
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transformed into a brancliia. Genera

—

Ancylns, Geofifroy ; no inihnonary

cavity ; animal dextral or sinistral ; visceral commissure shortened ; shell

without internal septum; British (Fig. 176). Latia, Gray ; a pulmonary

cavity ; visceral commissure long ; shell with a posterior internal septum
;

from New Zealand. Gimdlarhia, Vkiffer. Family 11. Physidae, Dall.

Visceral mass and shell sinistrally coiled ; shell thin, with a narrow

aperture ; tentacles cylindrical ; no inferior pallial lobe. Genera

—

Physa, Drapai'naud ; shell oval,

Fig. 175.

BuliiiH.t tuhiilutxis, ventral aspect.

hr, pallial extrapulmonary gill ; co,

heart; o, mouth; /), loot; 'pit, mantle;
pns, pneuniostome ; Ir, tentacle.

partly covered by the edges of the

mantle, which are divided into

angular tags ; British. Aplexa,

Fleming ; shell witli a pointed

spire ; edges of the mantle not

divided and very slightly re-

flected over the shell ; British.

Fig. 176.

Anvtilus fluviatiHn, dorsal
view. To the left, the head
with the two cephalic ten-

tacle.s. (From Lankester, after
Reeve.)

Sub-Order 2. Stylommatophora.

Piilmonata with two pairs of tentacles (except the Janellidae and Vertigo,

which have only a single pair) ; these tentacles are imaginable, and the

eyes are borne on the summits of the posterior pair. The male and

female genital orifices open into a common vestibule except in the

Ditremata (Vaginulidae and Oncidiidae). A siiprapedal gland is present

in nearly all the groups. With the exception of Unridium, there is no

longer a veliger stage in the development ; the embryo is often furnished

with a contractile pedal vesicle (Fig. 117).

The Stylommatophora may be divided into four tribes : tlie Holognatha,

Agnatha, Elasmognatha, and Ditremata.

Tribe 1. Holognatha.

Jaw sini])lf, without a superior appendage.

Family 1. Selemtidae, Fischer. Radula with elongated and

pointed teeth, like those of the Agnatha ; a jaw present. Genera

—

Selenites, Fischer ; shell external, depressed, widely umbilicated. Flutonia,

Stabile ; animal limaciform, with flattened internal shell and a posterior

jnilmonary aperture. TrujonochlamyK, Biittger ; no shell. Family 2.

ZoNiTiDAE, Pilsbry. Shell external, smooth, helicifonn or flattened
;

radula with pointed marginal teeth. Genera— Zonites, Montfort ;

shell depressed, wholly external; British. An'opluinta, Desmoulins

;
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mantle pruduced anteriorly into a cervical lube ; foot with a posterior

dorsal mucous pore. Oriiiella, Gray ; differs from Ariophanta in

having a horn-shaped protuberance at the hinder extremity of the foot.

Vitrina, Draparnaud ; the mantle projects in front and on the right

side, and j^artially overlaps the thin and depressed shell ; foot elongated,

without a posterior mucous pore ; British. Helicarion, Ferussac ; diliers

from Vitrina in having the foot truncated anteriorly, with a posterior

mucous pore. Family 3. Limacidae, Gray. Shell almost completely

covered by the mantle, or internal, rormarella, Cuvier ; shell unguit'orin

with a spiral sunmiit ; the mantle occupies the centre of the body and

completely covers the shell except for a very small orifice above the spire.

Linutx, Linnaeus ; shell wholly internal, without a spiral summit

;

mantle reduced, and situated on the anterior part of the body
;

pulmonary aperture towards the hind end of the pallial border ; British.

Urocyclns, Gray ; shell oval, without a spire, internal except for a small

median orifice in the hinder part of the mantle
;
pulmonary ajjerture

in the middle of the paRial border ; African. Parmarion, Fischer.

Amalia, Heynemann. Afjriolimax, Mcirch. Mesolimax, Pollonera. j\Io))o-

chroma, Simroth. Paralimax, Bottger. Metalimax, Simroth. Famii-y 4.

Philojiycidae, Fischer. No shell ; the mantle covers the whole surface

of the body ; radula with squarish teeth. Genus—Philomyoi.^ Ferussac;

foot broad
;

genital orifice near the right tentacle. Family 5.

O.STRACOLETHIDAE, Simroth. Shell largely chitinous, not sjjiral, its

calcareous summit projecting through a small hole in the mantle which

elsewhere covers it. Genus

—

Ostracoletlie, Simroth. Family 6. Arionidae,

Gray. Shell internal or absent ; animal limaciform ; mantle restricted

to the anterior and middle part of the body ; radula with squarish

teeth. Genera

—

Arion, Ferussac ; respirator}' orifice at the anterior end

of the pallial border
;
genital orifice close to the respiratory orifice ; shell

reduced to simple isolated calcareous granules ; British (Fig. 172, U).

Geomalacus, AUmann ; shell internal, oval ; Ireland. Ariolimax, Murch.

Anadenus, Murch. Family 7.

Helicidae, Gray. Shell with

medium spire, external or par-

tially covered by the mantle
;

mandible folded ; radula with

square teeth
;
genital orifice below

the right posterior tentacle ;
geni-

tal apparatus generally provided

with a dart- sac and multifid

vesicles. Genera— Helix, Lin- iio. i"r.

naeus ; shell globular, conical or /Ww wewiom?;.*, rigiit-suie view, i.amis;!!,

(iei,res«P(l with a rounded or e\- K<"''^»' (tieniiaplirodite) pore; 111, anterior teii-
uepiesseil, ^Min a louncieci or ex- tacles; IV, posterior (oculiterons) tentacles; V,

panded aperture (Fir's. 172, A pneumostome in its maximuni distension.

and 177) ; British. (A large

number of sub-genera has been established, which includes more than

4000 species : Pohfjijra, Say. Saf/dd, Beck. Plcnrodonta, Fischer \on

"Waldheim. Helicndonta, Ferussac. HclicoplKintd, Beck. Acavus, Mont-

fort. Sitala, Adams. Chlon'tes, Beck, Hapalus, Albeis, etc.) Bulimus,
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Scopoli ; shell ovoid, with oval or elongated aperture and a thickened

border. Hem])liillia, Binney and Bland ; shell unguiform, its edges

covered by the mantle ; North America. Berendtia, Crosse and Fischer.

Cochlostyla, Ferussac. Uhodea, Adams. Family 8. Endodontidae,
Pilsbry. Shell spiral, external, generally ornamented with ribs ; borders

of the aperture thin and not reflected ; radula with s([uare teeth
;
genital

ducts without accessory organs. Geneva—Endodonta, Albers. Fundum,
Morse. SphyrcuHum, Charpentier. Laoma, Gray. Fyramidula, Fitzinger.

Family 9. Orthalicidae, Fischer. Shell external, ovoid, the last whorl

swollen, the ai3erture oval, with a simple border ; radular teeth in oblique

rows. Genus

—

Ortliulicus, Beck ; American. Family 10. Bdlimulidae.

Fischer
;
jaw formed of folds imbricated externally and meeting at an

acute angle near the base. Genera

—

Bulimulas, Leach ; shell elongated,

oval, external. Peltella, Webb and van Beneden ; shell auriform, in-

ternal. Amphibulimus, 'MonWort. Family 1 1. Cylindrellidae, Fischer.

Shell turriculated, with numerous whorls, the last whorl more or less

detached. Genus

—

CylindrcUa, Pfeiff"er ; aperture circular, with reflected

peristome; summit commonly truncated ; America. Family 12. Pupidae,

Fleming. Shell external, with elongated spire and numerous whorls
;

aperture generally narrow ; male genital duct without multifid vesicles.

Genera

—

Pupa, Lamarck ; shell cylindrical, dextral with obtuse summit
;

aperture parallel to the axis, small and contracted ; British. Eucalodium,

Crosse and Fischer ; shell turriculated, the summit truncated, the aperture

oval. Vertigo, Miiller ; shell small, ovoid, the summit obtuse, the aperture

small and contracted by numerous teeth ; dextrally or sinistrally coiled
;

a single pair of tentacles ; British. Bidiminus, Ehrenberg ; shell

umbilicated, ovoid, with elongated aperture and a simple columella
;

British. Clausilia, Draparnaud ; shell turriculated, sinistral ; aperture

oval ; the columella with corrugations and a movable piece, the

clausilium, by means of which the mouth of the shell can be closed
;

British. Balea, Prideaux ; shell sinistral, diflers from Clausilia in the

absence of coluraellar corrugations and clausilium. Zospeum, Bourguignat
;

no eyes, shell short and' dextral. Megaspira, Lea. Sfrophia, Albers.

Anostoma, Fischer. Family 13. Stenogyridae, Fischer. Shell elongated,

with a more or less obtuse summit ; aperture oval with a sin)ple border.

Genera

—

-Achafina, Lamarck ; shell ovoid, the spire conical, the last

whorl ventricose ; the columella twisted. Stcnogyrd, Shuttleworth ; shell

turriculated ; the whorls numerous, increasing slowly (Fig. 8). Feriissan'a,

Risso ; shell small, thin, and brilliant ; aperture elongate, oval ; British.

Caecilinnella, Ferussac ; shell cylindrical, the spire elongated, the columella

truncated ; eyes absent ; subterranean in habit ; British. Cionelhi,

Jefi'reys. Azeca, Leach. Opt'Cis, Albers. Bliodea, Adams. F.\MILY 14.

Helicteridae, Fischer. Sliell bulimoid, dextral or sinistral ; radular teeth

narrow at their bases, expanded at their extremities and nnilticuspidate.

Genera

—

Helicter, Ferussac. I'ornatdlina, Beck.

Tribe 2. Agnatha.

No jaws ; the ladular teeth narrow and pointed ; carnivorous. This

groui) is possibly polyphyletic.
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Family 1. Oleacinidae, Adams. Shell oval, elongated, with a

narrow aperture ; neck very long ; labial palps prominent. Genera

—

Oleacina, 'S>o\ioi\ { = Glandinu) ; aperture truncated anteriorly; columella

smooth. Streptostyla, Shuttleworth ; columella with a fold ; aperture

elongate, not truncated anteriorly. Family 2. Testaceli.idae, Gray.

Shell globular or auriform, external or partly covered by the mantle.

Genera

—

Streptaxis, Gray ; shell external, heliciform, the last whorls

generally set obliquely to those first formed. Gihhulina, Beck ; shell

cylindrical, umbilicated. Aerope, Albers ; shell external, globular, with a

small umbilicus ; radular sac enormous ; from South Africa. Rhytida,

Albers ; shell depressed, with a very wide umbilicus ; from New Zealand.

Daudehardia, Hartniann ; shell coiled, only occupying the posterior part

of the body ; animal limaciform ; the genital orifice situated between the

right tentacle and the shell (Fig. 172, B). Testacella, Cuvier (Fig. 172, C) ;

shell small, auriform, situated at the posterior extremity of the limaciform

body; genital orifice near the right tentacle. Chlamydophorus, Binuey

;

shell plate-shaped and nearly completely covered l>y the mantle. Schi::o-

fflossa, Hedley. Family 3. Rathouisiidae, Heude. Animal naked,

devoid of a shell, with a carinated mantle covering the whole body ; male
and female orifices distant ; the female orifice near the anus. Genera

—

Rathouisia, Heude. Atopos, Simroth.

Tribe 3. Elasmogxatha.

The jaw with a well-developed dorsal appendage.

Family 1. Succixeidae, Chenu. Anterior tentacles much reduced
;

male and female orifices contiguous but distinct ; shell thin, spiral, with

a short spire. Genera

—

Succinea, Draparnaud ; shell external, oblong,

with a large aperture ; British. Homalonyx, d'Orbigny ; shell auriform,

the spire scarcely projecting ; the edges of the shell covered by the

Aneitea macdonaldi. Gray, left -side view,
tentacle. (After MacUoiiald.)

pa. I', pallial cavity
;

pa, pneuniostome ; t,

mantle ; animal limaciform ; American. Hyalimax, Adams ; shell oval,

wholly internal. Neohynlimax, Simroth. Family 2. Jaxellidae, Gray.
Limaciform animals, with an internal rounded shell ; the mantle verv
small and triangular ; the pulmonary chamber with tracheae ; no anterior

tentacles. Genera

—

Janel/a, Gray. Aneitella, Cockerell. Aneitea, Gray
(Fig. 178). Triboniophonis, Humbert. All from the Australo-Zelandic

region.

Thibe 4. Ditremata.

Male and female genital orifices distant (Fig. 59, o.f, o.m).

Family 1. Yeroxicellidae, Gray. Terrestrial, naked, limaciform
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animals, without a shell ; the female orifice on the right in the middle of the

body; the anus posterior. Genus— Frtc/mi/ia, Ferussac (Fig. 179). Family
2. Oncidiidae, Philippi. Limaciform naked marine animals, without a

VaginiiJa luzonlca. A, dorsal aspect; H, ventral aspect. I, posterior tentacle; II, anterior
tentacle ; III, mouth ; IV, mantle ; V, female orifice ; VI, foot ; VII, amis. (After Soulej'et.)

shell ; female orifice near the anus, at the posterior end of the body ; a

reduced pulmonary cavity with a distinct pneumostome (Fig. 59, ^/is).

Genera

—

Oncidium, Buchanan ; body elongated and narrow
; penis with

Fig. l^iO.

Oncidium tongaiium, left-siile view. tFroiu I.ankester, after Quoy and Gaimard.)

accessory apparatus ; from the Indian Ocean. Oncidiella, Gray ; body

oval ; mantle thick, with an emarginated border
;

jsenis without accessory

apparatus; British (Fig. 59). Peromrt, Blainville ; body oval ; the mantle

covered witli ramified appendages and oculiferou.s tubercles.
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CHAPTER IV

THE SCAPHOPODA

CLASS III.—SCAPHOPODA, Bronn

( = SoLEXOCONCHA, clc Lacaze-Diithiers).

Definition.—Marine bilaterfilly symmetrical Prorhipidoglosso-

morpha ; the body and shell elongated along the antero-posterior

axis and nearly cylindrical. The right and left margins of the

mantle are united ventrally and thus form a complete tube sur-

rounding the body, but Avith an anterior and a posterior aperture.

The head is somewhat rudimentarj- and devoid of eyes, but bears

two dorsal appendages furnished with numerous long filaments

(Fig. 183, I). The foot is cylindrical and adapted to digging. A
radula is present, but there is no ctenidium. The sexes are separate.

Historical.—These animals were formerly mistaken for tubicolous

Annelids, and afterwards were classed among the Gastropoda, near

FissureUd. Blainville, in 1819, was the first to rank them as a

distinct oi'der of Gastropoda under the name " Cirrhobranchia."

In 1857 de Lacaze-Duthiers, as the result of a careful anatomical

investigation, created the division Solenoconcha to receive Dentalium,

making his new division equivalent to Lamellibranchia, and includ-

ing the two groups, together with the Brachiopoda, in a class

Acephala. Since de Lacaze-Duthiers' memoir, the Solenoconcha

have been universally recognised as a division equivalent to the

Lamellibranchia and (Jastropoda, 1)ut the name Scaphopoda, proposed

by Bronn in 1862, has been more generally used for the sake of

uniformity. More recent investigations, however, have shown that

the Scai)hopoda are more nearly akin to the Gastropoda than to

the Lamellibranchia.

I. General Description and External Characters.

The shell (Figs. 181, D, E and 186) has the form of a very

elongated cone, slightly curved, the concavity of the curve being

dorsal : it is capable of containing the entire animal. The larger
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orifice of the shell and subjacent mantle is morphologically the

anterior or cephalo-pedal aperture. Near the smaller posterior

aperture the shell, being older, is also thicker. The anterior

aperture of the mantle has a conspicuously thick border. The
posterior aperture is emarginated by a ventral sinus and is furnished

interiorly with a dorsal and a ventral valve, which are capable of

being applied to one another. The animal lives buried obliquely

in the sand, only the posterior extremity projecting into the Avater,

and therefore it is the posterior aperture that is at once inhalant

^nd exhalant and serves for the expulsion of the excrements and

Dentalium vulgare. A, ventral view of the animal removed from its shell ; />, dorsal view of
the same ; C, rigiit-side view of the same ; D, the .shell in section ; E, right-side view of the
animal in its shell, with cephalic appendages (captacula) exserted as in life, a, mantle ; o',

longitudinal retractor muscle ; c", frinije surnjundmg the anterior openinp; of the mantle-
chamber ; a'", the posterior appendix of tlie mantle ; h, anterior circular muscle of the mantle ;

V, posterior circular muscle of the mantle; c, c', longitudinal retractor muscle: c, liver; /,

gonad ; k, buccal mass (seen through the mantle) ; </, left kidney ; .s', anterior extremity of the
foot ; w, to', longitudinal blood-sinus of the mantle. (From Lankester, after Lacaze-Duthiers.)

the genital products. In the extended state of the animal the foot

and cephalic tentacular filaments project from the anterior opening.

The pallial cavity extends continuously from one aperture to

the other. In the middle and posterior regions of the body the

liver, the gonads, and even the kidneys, extend into the mantle and

may increase its thickness to such an extent that the pallial cavity

is reduced to a rather narrow canal (Siphonopodidae).

The head is situated at the anterior end of the body on the

concave or dorsal side. In shape it is a sort of cylindrical

projection or proboscis, and is contractile but not invaginable. In

the Dcntaliidac its anterior aperture is surrounded b}' eight palps

or lobes with scalloped margins, but in the Siphonopodidae it is
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flattened and devoid of palps (Fig. 183, VI). Laterally and pos-

teriorly it is provided Avith two pouches, and quite at its posterior

end, on either side of its dorsal surface, are two broad, symmetrical,

and flattened tentacular lobes (Fig. 183, IV) which appear to be

homologous with the cephalic lobes of lihipidoglossa (Fig. 130, II).

The cephalic filaments or "captacula" (Fig. 181, E) are inserted

on the margins of these lobes, and Avhen extended, radiate in all

directions from them (Figs. 182, c.a; 183, I).

These captacula are of unequal length, autotomous, and capable

of regeneration : they are ciliated, highly contractile, and their

extremities are swollen and club-shaped, with a small lateral con-

cavity in each. These organs are in the first instance tactile, but

also prehensile. The diflerence in their length is the result of

their regeneration after being lost.

The foot has the form of an elongated cylinder, is very

extensible, and when forcibly projected beyond the aperture of the

Diagram of the organisation of Dentalium, left-side view, o, anus; ca, captacula; eg,
cerebral ganglion ; /, foot ; go, gonad ; in, intestine ; k, left kidney ; lu.c, labial commissure

;

II, liver; m, month; o, orilice leading into the perianal sinus; ne, oesophagus; jw, mantle;
p.g, pedal ganglion, with otocyst ; pl.g, pleural ganglion

;
po, posterior orilice of the mantle ;

ra, radular sac ; st.g, stomato-gastric ganglion.

shell, serves as a digging organ. In the Dentaliidae it is pointed

in front, but has an oblique wing-shaped fold or pleat on either side

of its free extremity : these two folds are contiguous on the ventral

but interrupted on the dorsal side. In the Siphonopodidae the foot

ends in a retractile disc with papillated margins (Fig. 183, VIII), and

in I'ldscUum there is a filiform tentacle in the middle of the disc.

The powerful retractor muscles of the foot form two symmetrical

bundles inserted far back on the dorsal side of the shell (Fig. 181, c)

11. Anatomy.

1. Alimenfari/ Canal.—The noii-invaginal)le proboscis (Fig. 183,

V, VI) leads directly into a true buccal cavity situated in the trunk

at the base of the foot (Fig. 182,/). In the interior of this buccal

cavity there is an azygos dorsal mandible and a ventral radvda. The
radular sac is short, but its muscles and cartilages are poAverful

and form a buccal mass of large size. The radula is short and

arcuate, with five teeth in each transverse row, the formula being
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Fig. 183.

1.1.1.1.1 (Fig. 2, C). The central tooth is simple and subquad-

rangular; the laterals stout and subtrigonal, tricuspidate, with

wide bases and reflected borders ; the marginals have the form of

subquadrangular non-denticulate transverse plates.

The oesophagus is rather short and is provided with two

large lateral symmetrical pouches, directed ventralwards ; these

correspond to the oesophageal pouches of the

Polyplacophora and Aspidobranchia.

The stomach is nothing more than the

most posterior bend of the digestive canal

(Fig. 182). It presents a small posterior

ciliated pyloric caecum, and receives the ducts

of the liver. The last-named organ is situated

behind the stomach and the rest of the alimen-

tary canal. It is made up of radiating caeca

(Fig. 182, /i), gathered into two lobes which

extend into the sides of the mantle, and
open right and left into the so-called stomach

or posterior bend of the alimentary canal.

Though the two liver lobes are symmetrical in
Sinhonodentaliinn, an- ,i -f^ , t-t ,^ ^

terior end of body, dorsal the Deutaliidae, they are no longer so in

,mntie/in%'ular.'nas"; Siplionodentalium. In this genus the principal

IV, right tentacular lobe, niass of the liver lics in front of the gonad
without the captacula ; V, , . . .. ... °

,

buccal pouch ; VI, mouth ; and IS continued posteriorly into two long

foot-d^sc*'
^"^' ^^™"''''^

parallel caeca extending to the extremity of

the body ; the organ has no longer an apparent

symmetry, but all its radiating caeca are directed to the left side

and open into the " stomach " by a single orifice.

The intestine bends forward (Fig. 182, in) and forms several

loops, all of which lie in the anterior part of the body, near the

buccal mass, and finally opens in the mid-ventral line behind the

visceral commissure. In the Deutaliidae there is an anal gland

on the right side of the rectum (Fig. 182, a).

2. Circulaiwy A}-)paratus^.—The structure of the circulatory system

is exceedingly simple. There are no differentiated vessels, not even

a ventricle Avith well-developed muscular walls. At the most there

is a more contractile portion of the blood-system in the neighbour-

hood of the anus, but it has no afferent or efferent vessels, and is

continuous with the rest of the lilood- spaces. These latter are

sinuses, without an endothelial lining, distributed between the organs

in the different parts of the body. The principal sinuses are : the

perianal, the pedal, the visceral, and the pallial. It is in the last-

named that the anterior dorsal and ventral portions are more clearly

defined and have something of the appearance of vessels. Two
l)uttonhole-shapcd orifices, situated near the renal apertures, place

the perianal sinus in communication with the external medium and
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admit of the expulsion of blood during violent contractions of the

body (Fig. 182, d). There is no specialised respiratory apparatus.

Respiration is effected by the internal surface of the mantle,

particularly by the anterior ventral region.

3. Excretory Organs.—The Scaphopoda have two symmetrical

kidneys, situated in front of the gonad on the ventral side of the

middle of the body (Figs. 181, g-, and 182, h). They have the form

of two short but fairly -wide sacs with pleated walls, lying between

the intestinal mass and the stomach. They have no communica-

tion with one another and have no reno-pericardial duct. They
open to the exterior on either side of the anus.

4. Nervous System and Sense Organs.—The nervous sj'stem of the

Scaphopoda comprises the same four pairs of principal nerve ganglia

as are found in the Gastropoda and Lamellibranchia, in addition to

the stomato-gastric system. The cerebral ganglia are joined to one

another and are situated on the dorsal side of the oesophagus : they

innervate the proboscis with its palps and the tentacular lobes and

captacula. Each cerebral ganglion is in close juxtaposition to the

corresponding pleural ganglion (Fig. 182, eg, pig), which innervates

the mantle. The cerebral and pleural ganglia are united to the

pedal ganglion of the same side by a long connective which is

apparently single in the distal part of its course, but bifurcates just

before it reaches the cerebral and pleural ganglia, sending a branch

to each. The two pedal ganglia are situated in the foot (Fig.

182, j}.g) and are attached to one another.

The visceral commissure takes its origin from the pleural ganglia.

It is rather long, and bears on the posterior part of its course two

symmetrical visceral centies (Fig. 182, r.g) in the form of simple and
ill-defined ganglionic swellings, lying on cither side of the anus close

beneath the tegumcntary epithelium, and thus resembling the

visceral ganglia of the Lamellibranchia. These two centres are

united by a commissure passing in front of the rectum.

From the cerebral ganglia there arises—as in many other

Molluscs—an infra-oesophageal labial commissure (Fig. 182, la.c),

bearing a ganglion on either side, from which a branch of the stomato-

gastric commissure properly so called (Fig. 182, st.g) is given oflT, as

is the case in the Polyplacophora, Aspidobranchia, and Cephalopoda.

The stomato-gastric commissure passes to the ventral side of the

oesophagus, between it and the buccal bulb, and bears two or four

symmetrical ganglia on the middle of its course. The labial com-

missure also gives off a nerve on each side, wliich passes to the

subradular organ and terminates Ijclow it in a ganglion.

The Scaphopoda have only three ditferentiatcd sensory organs :

the captacula or tentacular filaments, the suljradular organ, and the

otocysts. The tentacles, which are seemingly tactile and olfactory

organs, are dorsal in position and have the form of flattened lobes
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(Fig. 183, IV), on Avhich the numerous filiform appendages or

captacula are inserted. The extremity of each captaculum is

swollen and club-shaped with a small lateral pit, and contains a

terminal ganglion and a system of ganglion cells whose prolongations

are continued into neuro-epithelial elements situated in the lateral

pit. The subradular organ is a ciliated ridge on the ventral side

of the buccal cavity opposite to the mandible. The epithelium of

this ridge contains nerve end-cells, and beneath it are two small

nerves derived from the labial commissure, each ending in a small

ganglion. The otocysts are situated in the foot (Fig. 182) on the

posterior face of the pedal ganglia. They are innervated from the

cerebral ganglia and each contains numerous otoconia.

5. Reproductire Organs.—The sexes are always separate. The
gonad is unpaired and median, and is extremely long, occupying the

whole of the postero-dorsal region of the body, below the retractor

muscles (Figs. 181, /and 182, go). It is divided into symmetrical

transverse lobes, and its anterior extremity is contracted to form

a duct, Avhich diverges to the right and opens into the right kidney,

as in the Aspidobranchia.

III. Embryology.

The ova are laid singly, and vuidergo irregular segmentation

immediately after fertilisation. The ectodermic cells multiply

much more rapidly than the large endodermic cell or entomere,

which remains for some time unsegmented (Fig. 184, ma). Finally,

the entomere segments in its turn, and the endodermic cells derived

from it are invaginated to form a gastrula with a large blastopore,

situated at the posterior extremity. The embryo elongates and

acquires an anterior apical tuft of cilia (Fig. 15, //), behind which at

first two and afterwards three, or sometimes four, parallel ciliated rings

are formed. These ciliated rings constitute the locomotory velum,

and their number diminishes in proportion as the velum, which is

more or less reflected backwards over the body, becomes more
prominent (Fig. 185, III).

The blastopore remains open, and gradually travels along the

ventral side towards the anterior extremity of tlie larva. A shallow

shell-eland is formed on the dorsal side and extends right and left

over the whole dorsal surface, forming two lateral, parallel, and sym-

metrical pallial lol)es which extend ventrally and finally unite

together (Fig. 1 85, II). In this manner the tubular mantle is formed

round the body. The shell secreted by the mantle is at first cupuli-

form, but subsequently, like the mantle itself, becomes tubuliform as

the result of the fusion of its lateral margins (Fig. 119, B). The
expanded embryonic shell may still be seen at the initial extremity

in some specimens of Siphonodentalium.
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The pedal prominence arises on the ventral surface and grows
forward ; after the disappearance of the larval velum the foot is used

for creeping. The cerebral ganglia arise as two deep symmetrical

ectodermic invaginations in the velar area. The otocysts are formed
as invaginations of the surface of the foot, and the pedal ganglia

originate after the otocysts from thickenings of the ectoderm.

The endoderraic cavity gives rise to the stomach and intes-

tine. The liver is developed in connection with the wall of the

stomach. The anal opening is not formed till a very late period.

At the end of five or six days the velum atrophies, the young
animal ceases to swim and beirins to crawl along the sea bottom.

Fig. 1S4.

Embryo of Dentaliiim, with six
inicromeres or ectodermic cells

and a sinj^le niacroinere or eiido-

dermic ceil. 7)«i, inacromere ; mi,
microniere. (After Kowalewsky.)

Fio. 1S5.

Larva of DoitaUum, aged one
and a half day ; ventral aspect.
I, foot; II, mantle; III, velum
forming a sort of test. (After
Kowalewsky.)

IV. Bionomics and Distribution.

The Scaphopoda are marine burrowing molluscs, and as a rule

only allow the posterior extremity to project from the sand in

which they hide themselves. They feed on the lowest organisms,

Diatomacea, Protozoa, etc.

There are 150 living and nearly 275 fossil species of Scaphopoda.

The living forms are distributed throughout all seas from the littoral

to a depth of 2500 fathoms. The fossil species extend back to the

middle Silurian, but are most abundant from the Cretaceous onwards.

V. Review of the Families of Scaphopoda.

There are two different types in this homogeneous group, but the

differences between them are not of more than family value.

Family 1. Dentaliidak, Gray. Foot conical with a laterally ex-

panded and dorsally interrupted encircling sheath. Shell tubular, curved,

with the greatest diameter at the anterior aperture, and tapering evenly to
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the posterior aperture. Genera

—

DentaUum, Linnaeus
;
posterior orifice

of the shell truncated, entire, without an incision or accessory tube.

Antalis, Adams
;
posterior orifice with a short incision. Fissidentalium,

Fischer
;

jjosterior extremity Avith a long fissure on the ventral side
;

abyssal. Fustiaria, Stoliczka. Bcliizodentalium, Simroth ; ventral border

of the posterior aperture with a series of small

fj \
-T--^ "^"^^ /^ holes arranged in a straight line. Heterochisma,

^*'*'^^*i*Si2i:ii^^=*'*°^'^ Simroth.

FiQ. 180. Family 2. Siphonopodidae, Simroth.

Cadulus gracilis, Jeffreys, ahen, Foot expanded distally into a symmetrical disc,

left view, a anterior orifice; ^yith a crenate continuous edge (Fig. 183) or
P, posterior orifice. (After Wat- . . .

.

. , \-, ^ , ,

son.) Simple and vermiiorm without well-developed

lateral processes ; shell often contracted towards

the anterior aperture. Genera

—

Siphonodentalium, Sars ; foot ending

in a median disc without a median appendage. Cadulus, Philippi

(Fig. 186). Dischides, Jeffreys. Pulsellum., Sars ; terminal disc of the foot

with a median appendage. Entalina, Monterosato.
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CHAPTER V

THE LAJIELLIBRANCHIA

CLASS lY.—THE LAMELLIBRANCHIA, Blainville

( = AcEPHALA TESTACEA, Cuvier ; CoNCHiFERA, Lamarck
;

Pelecypoda, Goldfuss ; Lipocephala, Ray Lankester).

Order 1. ProtobrancMa.

Sub-Order 1. Solenomyacea.

„ 2. Nuculacea.

Order 2. Filibranchia.

Sub-Order 1. Arcacea.

„ 2. Trigoniacea.

,, 3. Mytilacea.

,, 4. Pectinacea.

„ 5. Dimyacea.

Order 3. Eulamellibranchia.

Sub-Order 1. Ostraeacea.

2. Submytilacea.

3. Tellinacea.

4. Veneracea.

5. Cardiacea.

G. Chamacea.

7. Myacea.

8. Adesmacea.

9. Anatinacea.

Order 4. Septibranchia.

Sub-Order. Poromyacea.

Definition.—The Lamellibranchia are Molluscs with an internal

and external symmetry. The cephalic region is rudimentary, and
the mantle, divided into a right and a left lobe, secretes a bivalve

shell which covers and encloses the whole body. The cephalic region

205
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is only furnished Avith a pair of labial palps on each side. The foot

is ventral, generally adapted to burrowing and Avithout a plantar

surface. The two pallial lobes are united by one or two transverse

muscles which close the two valves of the shell. There are two

lateral and symmetrical ctenidial branchiae under the mantle ; their

distal extremities are directed posteriorly and their filaments may
exhibit an extreme degree of concrescence, either among themselves

or with the mantle or with the visceral mass.

I. General Description and External Characters.

The mantle consists of two thin tegumentary lobes attached

to the trunk dorsally, and extending over the sides to the ventral

surface so far that they can be brought together below the foot.

Thus the whole of the animal's body may be covered by the mantle.

In structure, the mantle is normally rather thin, and there is only

some connective tissue and a few muscular fibres between the internal

and external layers of epithelium. In some few cases the gonads

may extend into the mantle : into both lobes in the Mytilidae, into

the right lobe only in the Anomiidae. The internal surface may
present glandular modifications, of Avhich the most important are the

hypobranchial glands characteristic of

the Protobranchia : they are situated pos-

teriorly beyond the gills. The margins

of the mantle normally present redupli-

cations, generally three in number
(Fig. 187, iKi, prt", 7x«'"), and in the

Pectinidae the most internal of the three

is turned inwards to foi'm the "velum"
(Fig. 235). The margins of the mantle

of Lamellibranchs are frequently fur-

nished Avith glands, pigment spots, and

various sensory organs in the form of

tentacles, and even of eyes. The pig-

mentation of the pallial border is due

to the combined action of the light and

the oxygen of the surrounding medium,

and is most cons})icuous at those points

where the respiratory fiuid enters the

pallial cavity.

The edges of the tAA'o pallial lobes

may remain free throughout their

extent ; this is the case in Niicula,

the Anomiidae, the Arcidae (Fig. 188)

the Trigoniidae, and the Pectinidae (Fig. 235). In all other

Lamellibranchia the pallial lobes are partially united by the

4yu^

Fio. 187.

Kelhja suborbimlaris, Montagu,

without the sliell, ventral asiiect.

ad, jmsterior a<l(luctor ; o', inhalant

orifice ; o", pedal oritice ; o"', ex-

halant orifice ; pa', external duplica-

ture of the pallial edge ; pa", internal

ditto ; pa'", median ilitto ; su', su",

first and second sutures of the pallial

edges. (After Deshayes.)
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concrescence of the internal reduplicature of their margins ; this

union may be localised in one, two, or even three more or less

extensive regions. Thus, there is only one line of union in the

Solenomyidae (in which it is long. Fig. 231), the Aviculidae, the

Ostraeidae, Entovalva, Scioberetia, the IMytilidae, the Carditidae, the

Astartidae, the Crassatellidae, the majority of the Lucinidae,

the Unionidae (Fig. 242), and in certain species of Cyrenidae ; in

KiG. ISS.

Area laden, Linnaeus, ventral aspect, a.a, anterior adductor ; a J, anterior lij) ; a.p, anterior
labial palp ; h, byssus ; /, foot ; g', internal gill-plate ; (/", external gill-plate ; g.a, gill-axis ; h.a,
posterior adductor; m, mouth

;
jm, mantle

;
p. I, posterior lip; re, rectum; v.c, visceral com-

missure; v.g, visceral ganglion. (After Desliayes.)

other words, in a very large number of Submytilacea. This single

line of union is always posterior, and is the prime factor in the

formation of an aperture opposite to the anus (Fig. 231, a.or) known
as the exhalant pallial or "anal" orifice. It serves for the evacua-

tion of the excrements, of the water which has been used for respira-

tion, etc., and is, in the manner indicated, entirely cut oft" from the

rest of the pallial aperture tiirough which the respiratory and food-

liearing currents of water find an entrance, and through wliicli the
foot is thrust out. Lamellibranchs with this disposition of the pallial

border have received the name of " Bifora." It should be noted that
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in many Unionidae the anal orifice is itself divided into two, the more

anterior aperture being dorsal and the more posterior—considered

topographically—heing the anal opening proper. In addition to the

first fusion, there is a second in the Ledidae among the Protohranchia,

in the Dreissensiidae and the Mutelidae among the Submytilacea, and

in all other Eulamellibranchia and the Septibranchia (Fig. 249). In

Castalia, a member of the Mutelidae, it has been observed that the

second fusion may be present or absent in different individuals.

This second fusion of the pallial borders is always pretty close to the

first (Fig. 241), and forms the boundary of an orifice almost in juxta-

position to the anal aperture, leaving in front a third orifice

(Fig. 241, o.p) : hence the name " Trifora" given to Lamellibranchia

which exhibit this arran2:ement. The second orifice is called the

Fio. ISO.

Left valve of Meretrix, from the inner face. (From Lankester, after Owen.)

branchial or inhalant, and the third the pedal orifice. The last-named

is generally very large (Figs. 194, 221, o.j>, etc.), but its extent is

always in inverse ratio to the extent of the second fusion and in

direct ratio to the size of the foot protruded through it (Figs. 219,

246). In the genus Kclli/a, however, it is not the third or anterior

aperture that serves for the passage of the foot, but the second or

ventral aperture (Fig. 187, o"). Finally, when the second fusion

extends for a long distance, that is to say, when the foot is very

anterior, rudimentary, or cylindrical, a fourth pallial aperture may

be formed between the pedal and branchial apertures, and therefore

within the region of the second fusion. This disposition may be seen

in some Solenidae, in Ltdmria and Gh/cimeris, and in sundry Anati-

nacea, such as Mi/ochuina, Chamostraca, Tlirada, rholadonii/a, and Aspn-

gillum, which arc sometimes called, on this account, " Quadrifora."

This fourth orifice probably arises as a subdi\ision of the pedal

orifice ; it is placed far forward in Solen, and is both inhalant and
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exhalant in this genus ; but is posterior and only exbalant in Lutraiia,

Thracia, etc.

Frequent! \' the two posterior pal Hal orifices, anal and branchial,

or at least the anal, as in some Lucinidae, are more or less pro-

longed in the form of muscular tubes which may be extended for a

greater or less distance beyond the shell (Fig. 190) ; this feature is

found in the majority of burrowing and boring Lamellibranchs.

These tubes are known as siphons, and may be either—(1) inde-

pendent of one another throughout their length, as, for example, in

the Tellinidae (Figs. 190, hr.s, a.s ; 245, g, g'), Donacidae, TItracia,

etc. ; or (2) partially fused together, as may be seen in Tapes,

Solenociirtus (Fig. 194), Saxicava (Fig. 246); or (3) com])letely

imited to one another, as in Madra, Dosinia, Mya. Lvtraria, Fliolas,

Teredo (Fig. 195), etc. The branchial siphon is usually the longer

of the two, and in Scrohiculnria is more tiian four times as long as

the body. Sometimes the sii3lions may attain to a still greater

TrUina plunata, left-siile view. «..<, anal siphon; hr.i, branchial siphon; /, foot; jw,
tentaciililerous border of the mantle ; sh, shell. (After Poli.)

degree of development, and may form an important part of the

body-mass, or even surpass it in size. The extreme limit of evolu-

tion in this direction is exhibited by 'Teredo, in which these organs,

while receiving the same nerve supply as in other Lamellibranchia,

constitute the greater part of the mass of the animal ; the anal

siphon extends right forward and the branchial siphon contains the

gills, as is also the case in Sulcnocurtns, Fidnhma, Saxirava, etc.

There are two opi)Osite currents in the pallial cavity. The first

is postero-anterior in direction, and is set up liy the action of the

cilia clothing the surface of the branchiae ; the second runs in the

reverse direction on the ventral side near the edges of the mantle,

and wards off foreign substances from the pallial cavity (Mi/tilus,

Cardium, etc.). In Tinnu and ,Soleii this second current is created

by a large longitudinal ciliated ridge on each side.

The two lobes of the mantle are fui-nished with sevei-al distinct

pallial muscles which are inserted on the shell atid are divisible into

the following distinct groups :— (1) The orbicidiir muscle, extending

right round the periphery of each lobe, and serving to attach it to

14
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the shell and as a retractor of the pallial border. (2) At the

posterior end a specialised part of tlie orbicular muscle originates

from and serves as the retractor of the siphons (Fig. 191, 7/).s) ; its

development is proportional to that of the siphons, and it interrupts

the evenly curved line formed l)y the orbicular muscle. The

Fig. l!tl.

Right-skle view of a MaHro, the right valve
of tlii^ slicU and right mantle-flap removed, and
the siphons retracted, hr, hr', outer and inner
gill-plate.s ; c, umbo of the shell ; m.a, anterior
adductor muscle ; in.'p, posterior adductor
muscle ; tn.s, pallial retractor muscle of the
siphons ; }), foot ; t, labial palp ; ta, anal
siphon ; tr, branchial siphon. (From Lan-
kester, after Gegenbaur.)

muscles leave an " impression " on the inner surface of each valve

of the shell, and the impression of tlie orbicular muscle or "pallial

impression" (Fig. 189) is indented by a "sinus" formed by the

siphonal muscles. This " sinus " is scarcely ever absent in siphonate

forms except in the Lucinidae and in Cusjndaria, in which the

siphons are not retractile, and in the latter genus are protected by

prolongations of the posterior part of the shell. (3) The adductor

muscles of the shell are transverse pallial muscles uniting the two

lobes of the mantle and thp two shell-valves secreted by them.

There are at the most two adductors ; the anterior is dorsal and in

fi-e.

p. I', pallial edge; p.g, pedal ganglion; pr, jn'odissoconch ; ;./, right-liver lobe; fh, -shell; sf,

.stuniacli ; iv, velum; d.^, visceral ganglion.

front of the buccal aperture (Figs. 188, a.a; 191, m.a), but extends

considerably towards the Aentral side in Modiolaria and Chaina.

The anterior adductor muscle is the first to appear in development

[JS'ucnla, Mytilus, Moilioldria, Fccieu, (htraea (Fig. 192, A), J)irissei>sia

(Fig. 224, (f.'f)i Unionidae (Fig. 227, i), Pisidium, Monfarutu, Lasniea,

Entovalra, Cardiuin, Pseiidok-ellt/n, etc.), but diminishes in importance
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in adult Mytilidae, and disappears altogether in Mijtilus latits (Fig.

193, E) and M. inrridionaUs. It is very small or more usually absent

in the Anomiidae, the Pectinacea, and the Ostraeacea, much reduced

in Ternlo, and absent in the adults of Philohrya, MiiUeria, and
TruhiciKi.

The posterior adductor muscle is ventral and anterior to the

anus (Figs. 188, h.a ; 192, C, p.a). When the anterior adductor is

diminished in size or disappears in the adult, the posterior adductor

necessarily becomes more central in order that its mechanical

efficiencj' may be increased. This may be seen in the forms known
as Monomyaria, and is accompanied by a shortening of the antero-

Fio. 193.

Right valve of six various Laiaellibranchs, showing the various .stages of the morphological
development of the adductor muscles. A, I'eituiiculus ; li, Alyrina; C, Mtidiokiria \ D,
Mmliolit; E, Mytilns latus; F, Pecten. a, anterior adductor; a.r, anterior foot retractor ; b,

.shell beak; li, ligament; />, posterior adductor ; p.i, pallial impression; p.r, p./, posterior
retractors of foot and byssus ; t, hinge-tooth.

posterior axis ami a proportional increase of the dorso-ventral axis

of the body, a ])lienomenon particularly well marked in the

Triilacnidae. It should be observed that the species with a single

adductor muscle belong to very various groups and are generally

sessile forms : the Monomyaria, therefore, are polyphyletic and
do not constitute a natural group. A single family may contain

examples of Isomyaria, Anisorayaria, and Monomyaria (Fig. 193,

C, D, E), and all, in the course of their development, jiass through

three different stages with regard to the arrangement of the adductor

muscles. In the first stage, called the protomonomyaiian stage, the

anterior adductor, being the first to be formed, is alone present.

In the second stage the two adductors coexist ; this is the dimyarian
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stage (Fig. 192, B). In the third or deutomoiiomyariau stage, the

anterior adductor has disappeared (Fig. 192, C).

The two adductors, by their contraction, bring together the

valves and close the shell. They are diminished in size when the

valves lose their mobility, as, for example, in Galeomma, Epldppodonta,

and Scioberetia, and they actually disappear in Aspergillum and

Chlamijdoconcha. These muscles are generally perpendicular to the

surfaces of the valves, but in some Lamellibranchia that are fixed

by one side, they may be very oblique, e.g. Anomia, I'cden, the

Rudistae. The fibres of the adductors

are attached to epithelial cells of the

mantle which produce the hypostracum

or substance of the muscular impres-

sions. In many cases the fibres of

each adductor may be divided into

two distinct parts of diflerent appear-

ance {Peden, Ostraea, etc.), of which

the principal part in the monomyarian
Laniellibranchs is formed of a^^parently

striated fibres (see p. 5), this appar-

ent striation being particularly well

defined in the muscles of the swim-

ming Laniellibranchs, Pectinidae, and

Limidae, which are capable of very

rapid contraction. The absolute force

exerted by the adductor muscles is

analogous to that of vertebrate

muscles : in some cases they can resist

the traction of a weight equal to

several thousand times the weight of

the animal deprived of its shell.

In the siphonate Lamellibranchia

the pallial fusions separating the

branchial and pedal orifices are often

f\irnished with crossed muscular

bundles, called cruciform muscles,

passing from the edge of one valve

to that of the other, and thus forming

accessory adductor strands : these may
be seen in Tellina, Si/ndosmj/a, and
Bonax among the Tellinacea, and in

siphon;/, foot; mu, eniciforiii piillial OOlcnOCUrtuS (rig. 194, lliu). In SpCClCS
muscles; jxi, iiiaiitlfi ; pa.i; iiallial ii i u i i ^' • i • i ii 1.1

cavity ; 6/,, shell. (After Poii.) called " clo.sed, lu which the mantle

fusions are very extensive, these muscles

are continuous along the whole ventral border of the valves, between

the pedal and branchial orifices (Saxicava, Fig. 2^6, pa).

Sole nocii lilts :ilri(iilhitits, ventral as-

pect, fi.s, anal siplion ; lir.s, branchial
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The shell of Laiiiellibranchs is formed of two valves, each

corresponding to a lobe of the mantle. The internal layer of the

shell is secreted by tlie whole external surface of the mantle, but

the external layer is secreted only by the thickened mantle edges.

The internal layer is often nacreous, and may exhibit pathological

products called "pearls," which are formed hy the secretion of

nacreous substance by the mantle round foreign bodies. These

are generally of parasitic origin : the scolex of a Cestode forms the

nucleus of a pearl in the genus Meleagrina of Ceylon and the C4ambier

islands ; the larvae of Trematodes form similar nuclei in various

European Lamellibranchs.

Though they are primitively symmetrical and commonly remain

so, the valves become very asymmetrical in some species of Area,

in the Anomiidae, Fecten, Ostraea, Corbiila, Chama, Pandora, Mijochama,

the Rudistae (Fig. 244), etc. In certain somewhat modified forms

in which the foot, though more or less large, is feebly retractile,

the valves do not meet and fit perfectly together along the ventral

edge and are "gaping," as may be seen in the Pholadidae, Gastro-

chaeiiidae, etc. But with the exception of Chlami/docondm and

Srioberetia, in which the shell is internal, the valves fit together

perfectly along the dorsal border, and are articulated with one

another by a system of teeth and sockets which collectively form

the hinge (Fig. 189), and only tend to be atrophied in forms whose
valves have little mobility, especially in boring species. The valves

are additionally united (except in the Pholadidae and Teredinidae,

hence named Adesmacea, and a few other forms) by a ligament of

a chitinous nature. This ligament is primitively continuous with

the shell, and is, in fact, the uncalcified portion of the pallial cuticle,

that is to say, of tlie originally single shell. The ligament finally

becomes external (Fig. 189) or internal; in the latter case it is a
" resiliura." Its action is antagonistic to the adductor muscles, and
consequently it causes the valves of the shell to gape.

In the youngest stages of the Protobranchia, Filibranchia, and
various Eulamellibranchia, a series of little transverse denticulations,

constituting a primitive hinge or provinculum (Bernard), is developed

on each side of tlie ligament, or at any rate behind it in forms

devoid of an anterior adductor muscle. The permanent hinge teeth

are only formed at a later period, by the growth of distinct laminae

on the surface of the hinge. Thus, in the typical Eulamellibranchia,

the first lamellae originate at the extremities of the hinge surface,

below the provincuhuu, and grow towards the centre of the hinge

area ; the internal ends of the anterior lamellae become hook-

shaped, and their hooks become separated from their external ends
;

the latter form the anterior lateral teeth, while the hooks become
the cardinal teeth, and the posterior lamellae give rise to the

posterior lateral teeth.
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Sundry methods have been proposed for representing the hinges

of Lamellibranchs by formulae. The most logical is that of Munier-

Chalmas and Bernard, which takes the origin of each element into

account. In this system the primitive lamellae are indicated by

Roman numerals, even numbers being used for the left valve, odd

numbers for the right valve, preceded by the letter A if they are

anterior to the ligament, by the letter P if they are posterior to it.

Each definitive tooth is indicated by an Arabic numeral corresponding

to the number of the primitive lamella from which it is derived

(A2 in the case of ATI, etc.), and is preceded by the letter C if it

is a cardinal, or L if it is a lateral tooth, and is further followed by

the letters a, &, etc., if it corresponds to the first, second, or other

segment formed by the folds of the lamella. Thus CA2& stands

for the left cardinal tooth originating from the posterior segment of

the anterior lamella II.

In some exceptional cases the two valves of the shell are fused

Fig. 195.

Sagittal median section of Teredo, a, anus ; a.a, anterior adductor muscle ; a.s, anal siphon ;

br.s, branchial siphon; <:g, cerebral f;anglion ; g, gill; h, heart; m, month; p.a, posterior

adductor ;
p.ij, pedal ganRlion ; r.o, renal opening ; r.ji, reno-pericardial orifice ; v.g, visceral

ganglion. (Partly after Grobben and Beuck.)

together dorsally ; such shells are called symphinote, and examples

may be found in the adults of some species of Pinna, Unio, Anodonta,

and Hyria. But even Avhen the Ijorders of the mantle are almost

completely fused together on the ventral side, the two valves are

never fused ventraliy to form a single tube like the shell of the

Scaphopoda. Nevertheless, when the shell gapes and the mantle

borders are largely fused together and provided with long conjoint

.siphons, the portions of the mantle that project beyond the valves

may secrete a long calcareous tube (Teredo, Fistidana), which may
be fused to the shell, as in AspergUlum, or the two valves themselves

may be fused together dorsally as in the four genera mentioned

above. In some other siphonate Lamellibranchs with gaping shells

the portions of the mantle that project from the shell may secrete

accessory protective sclerites, which may be independent of the

valves, as, e.g., the dorsal sclerites of Vholas and the sclerites of

certain species of Thracia, or may be united to the shell as is the

siphonal tube of Pholadidca. In Teredo two movable calcareous

plates, actuated by special muscles, are formed symmetrically right
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and left of the free extremity of the siphonal mass. These " pallets,"

as they are called (Fig. 247, II), probably serve to protect the free

extremities of the siphons.

The valves generally bear on their internal surfaces distinct

impressions of the insertions of the pallial, orbicular, siphonal

adductor and retractor muscles of the foot, and therefore it is

possible to infer something of the organisation of the animal in the

case of fossil species. In general, the anterior side of the shell of

the Lamellibranchia is the shorter, and the " umbones " or summits

of the two valves are directed anteriorly, but in some forms, called

for this reason " opisthogyrous,"' the posterior side is the shorter

:

such are Xucida, Donax, Moiifacufa, Entovalva, and Ci/rfoJaric.

The larval portion of the shell, or " prodissoconch," like that of

the Gastropoda, is often distinct from the following portion, and

may even be separated from it by a crest

or ridge (Fig. 196, p) : this feature is

especially Avell marked in incubatory

forms witli large embryos. Also, in the

.same manner as has been described for

Gastropods, the external duplicature of

the mantle border may be reflected over

the outer surface of, and cover a more
or less considerable extent of, the shell

in the Galeommidae and in the endo-

parasite Entocalvd ( = Sijnaptkola). By an

exaggeration of this process the mantle

may even come to form a closed sac

around each valve, a feature which may
be seen in the three genera Ephippodonta,

C/dami/doconcha, and Scioheretin, and also

in a species commensal with a Synapta in the Philippines (Semper).

As in the other classes of the Mollusca, the foot is a muscular

projection from the ventral surface ; its size and form are very

variable, according to the habit of life adopted by the animal.

The mass of the foot is frequently invaded by a portion of the

viscera, at least by a part of the digestive canal, the liver, and the

gonads, the last-named being superficial. In species in which the

foot is very mobile, its two lateral faces are united by transverse

miiscular bundles.

In its most primitive form tlie foot is a cylinder, more or less

flattened from side to side, and terminated by a ventral plantar

surface (Protobranchia, Figs. 230, 231 ; Pedunculus, Modiolarca, Fig.

241). But more usually the foot is still further flattened, and

tcrmijiates below in a more or less elongated keel, which ma}' end

in two points, an anterior and a postcrioi- as in Tri;/onia, or in a

single point, which is always anterior. This latter arrangement is

Fig. 190.

PMlohrya suhlaevis, rifilit valve,

outer aspect, j', prodissoconuli.
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the most common, and is found, for example, in the Unionidae
(Fig. 242), Tdlina (Fig. 190, /), and Cardium (Fig. 243). The
anterior pointed end may be so mucli elongated, for example, in

Poromya, as to give the foot the appearance of a cj'lindrical tentacle,

sometimes slightly swollen at its free extremity (many Lucinidae,

Fig. 2.38, III), or of a long cylinder directed forward and sometimes
ending in a swelling of constant shape (Solen, Mycetopus). In some
cases the foot may secondarily acquire an enlarged free extremity

with a creeping surface, e.g. in Galeomma, Lepton, and certain species

of Enjcina. In Spondylus it ends in a pedunculated globular

appendage. Some Anatinacea, such as Pholadomya and Halicardia,

have an accessory foot-like organ, the so-called opisthopodium, on
the posterior extremity of the visceral mass. In Mytihis, also, a

distinct posterior carinated projection may be seen behind the

extensible pedal cylinder ; this has been called the " Punch's

hump." There is, on the other hand, an anterior and dorsal

tongue-shaped projection on the foot of Tapes decussatus.

Finally, the foot may become rudimentary through disuse in

genera with restricted or no locomotory powers. This is especially

the case in boring Lamellibranchs with extensive fusion of the

mantle edges, such as Pholas and Teredo (Fig. 247, VI), and in such

forms as are fixed by a byssus or by the substance of the shell,

such as Peden (Fig. 235,/), Odraea, Aetheria, etc.

The foot, then, is the locomotory organ, as it is in other

Mollusca. Its special function is to grope in the shifting soil and
to slowly drag along the animal by its successive contractions and
extensions, its anterior extremity being supported or fixed. These
movements of the foot are due to turgescence, produced by the

afflux of blood into the pedal sinuses, and its subsequent contrac-

tion by means of the retractor muscles.

The foot is never provided with an aquiferous pore through

which, as was for a long time believed, water can penetrate into

the circulatory system. But it very frequently presents a more or

less posterior orifice in tlie middle line corresponding to the ventral

pedal pore of Gastropoda (Fig. 144, I) and leading into a cavity

known as the byssogenous cavity (Fig. 197, I), into which certain

unicellular glands situated in the foot discharge their secretion.

This secretion, passing between the epithelial cells of the byssogenous

cavity, hardens on contact with the water and forms threads of

conchiolin, wliich unite to form the trunk of the byssus (Fig. 197,

IV). This structure serves to attach the animal, but the fixation is

not necessarily permanent ; the old byssus may be abandoned and
a new one formed (Area, Mytihis, AvicitJn, Dreissensia, etc.). The
byssogenous organ is poorly developed in the Protobranchia, in

which group the byssogenous cavity is situated far back (Fig. 204,

VIII), and a functional byssus is absent. When it attains to its
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maximum of specialisation the byssogenous cavity presents a number
of internal folds or plates (Fig. 197) which increase the secreting

surfiice ; the trunk of the byssus is thick (Fig. 199, IV), is formed

Fig. 197.

Transver.sal section of the foot of Lyonsia,
tlirough the byssus- orifice. I, byssogen-
ous glands; II, byssus-cavity ; III, byssus-
orilice of the foot ; IV, byssus ; V, roots of
the byssus.

Fio. 198.

Transversal section of a groove of tlie

byssogenous cavity of Modiolaria discors.

I, byssogenous glands ; II, epithelium of
the byssogenous cavity ; III, roots of the
byssus ; IV, secretion of the byssogenous
glands passing between the epithelial cells.

(After Cattie.)

more or less deep in tlie mass of the foot, and becomes engaged in

a semi-cylindrical grooA'e hollowed out along the ventral keel of the

foot in front of the orifice of the byssogenous cavity (Fig. 236, b.gr).

The walls of this groove contain a considerable number of large

unicellular mucous glands. The byssus is particularly well

Fic. 199.

Arm lai'tea, Linnaeus, left-side view (the left half of the mantle removed). I, anterior
adductor; II, labial palps ; IIl,fo<jt; I\', byssus ; V, ventral edge of the internal left gill-plate ;

VI, right gill ; VII, anus ; VIII, mantle ; I.X, jjosterior adductor ; X, branchial axis ; XI, direct
lamina of the external gill-plate; XII, refiected lamina of the external gill-plato. (After
Ueshayes.)

developed in Ammia, Ana (Figs. 188, 199), j\[ijf.ilm, riuwi, Aricula

(Fig. 236), Feden, various Myacea {Saxicava, etc.), Anatinacea

(Lyonsia), Cardiacea {Tivhirna), JJremenmi, etc. In the genus

Anomia the byssus is of peculiar form, being partly calcified and of a
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stony consistence, whence it is called the " ossiculum '"'

; it projects

on the right side through a hole in the flattened valve of that side.

In Afodiolarca the byssogenous cavity is preceded by a second

glandular cavity (Fig. 2-41, gl.p), but the latter takes no part in the

secretion of the byssus. In some cases the whole of the byssogen-

ous cavity degenerates in the adult, as may be seen in certain

species of Unio, or it is closed as in Cydas, in which genus it and
the byssus are highly developed during embryonic life. In the

endoparasite Entovalva the byssogenous apparatus appears to be

modified to form a so-called "organ of adhesion" (Fig. '2iO, f.r/I).

The foot, with the viscera contained in it, is attached to the shell

by retractor muscles, of which there are normally four pairs. Tavo

pairs, the retractors and protractors, are anterior and situated near

the anterior adductor muscle ; one pair, the elevators, is median ; and
one pair of retractors is posterior and close to the posterior adductor

muscle. These various muscles are inserted symmetrically near the

dorsal border of the valves and between the two adductors. In the

more primitive Lamellibranchs these muscles are greatly extended in

a longitudinal direction (Fig. 231, f.e), and in certain JProtobranchia

they may form an almost continuous series ; but otherwise it is only

the four retractors at the extremities of the foot that are well

developed, the remainder being rudimentary or atrophied (Fig. 202,

a.f.r, p-f.r). In general, the so-called Monomyaria, oi' forms with a

single and that the posterior adductor, have only retained the

posterior retractors of the foot, and these muscles only exist on one

side in various forms that are fixed by one valve : thus in Peden
only the left retractor is present, and even this is aborted in P.

magellanicus. When the foot Ijecomes reduced as an organ of

locomotion, and, in compensation, the byssogenoiis apparatus assumes

a large size, the retractor muscles, especially the posterior pair, take

their origin from the latter structure, and thus become the retractor

muscles of the byssus.

II. Anatomy.

1. The AUmcnfarij Canal.—The mouth is situated at the anterior

end of the body, dorsal of the base of the foot (Fig. 188, m). In

SoJenomya (Fig. 231, m) it lies behind the anterior adductor muscle,

but it is on the ventral side of this luuscle in all other Lamellibranchia

with two adductors. Except in Ammia, in which it is asymmetrical,

it is a symmetrical transverse aperture compressed between two lips,

of which one is dorsal and anterior, the other is ventral and posterior.

These lips have sim])le l)orders as a rule, but in the Pcctinidac they

are scolloped and even ramifit^d (Fig. 235, /) ; they are generall}'-

continued on either side into two lobate prolongations, called the

labial palps, of which the external is the prolongation of the anterior

lip. In the genus .trca (Fig. 188) the lips pass insensilily into the
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palps, but usualh' the palps become suddenly much broader than

the lips. The palps are formed from part of the velar area of the

larva and assume A'arious forms, but are most commonly triangular.

Their inner surfaces are transverseh' folded and ciliated in such a

manner as to conduct all particles coming within their reach into

the buccal orifice. They are poorly developed or absent in various

Lucinidae, such as Axinus (Fig. 238) and CVrZ/is, and in iwno/«zs and
some species of Cnspidaria. On the other hand, they are very large

in the Tellinidae, surpassing the gills in size in this famih', and tlie

anterior pair is very large in Foromya (Fig. 249, lup). In the

Fig. 200.

An adult speciiiieii of YoUliu linwtula, as it apppair* while feeiliiig—i)artially iiniiiei;;eil in

mu'l. e.s, exlialant sijihon ; i.s, inhalant siplion
;
y.n;), jialp aiii)en(lai,'es ; s.t, sipiional tentacle.

(After Drew.)

Xuculidan and Ledidae the posterior angles of each pair of palps

arc pro luced to form a common tentaculiform appendage bearing a

groove along the whole of its ventral surface ; these appendages can

be thrust out beyond the sliell and assist in obtaining food (Fig.

200, ]>.i'p). In Siilouniiij'i the two palps are rudimentary, but the

tt.Mitacular prolongation persists in the form common to the other

Protoliranchia, with its ventral groove forming a continuation of the

irircrlabial space (Fig. 231, -p.l.).

In the family Nuciilidae among the Protobranchia there is still

an anterior dilatation of the alimentary canal representing the buccal

cavity and provided with two lateral and symmetrical glandular
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pouches ; but in all other Lamellibranchia tlie mouth leads directly

into the stomach through a short oesophagus (Fig. 201, oe), which

is rarely muscular {Poromya) and is sometimes nearly aborted. The
stomach is a large and generally laterally compressed ovoid or

piriform sac, more or less deeply buried in the viscero-pedal mass

(Figs. 207, d ; 231 and 234, si). Its walls are thin and not muscular

except in some carnivorous forms such as the Septibranchia.

The stomachal epithelium is lined with a thick but caducous cuti-

cular coat, visible even in the larval stage {Ostraea, Fig. 192, A) :

this cuticle serves to protect the secretory cells of the stomach.

The stomach is very commonly provided with a pyloric caecum,

lined by a richly ciliated columnar epithelium. The caecum may be

long, especially in Donax, Madra, SuUni, Fholas, and Teredo, and

sometimes extends into the ventral part of the foot, or into the

mantle, penetrating into the right lobe in Anomia, the left lobe in

MytiluH lutus. It is, however, short in some forms, e.g. in Trigonia.

It corresponds to the caecum of the crystalline style in certain

Gastropoda {Fteroceras, Fig. 75), and like it contains a cylindrical

product, the crystalline style (Fig. 201, cr..s^), Avhich is more or less

continuous with the cuticular lining of the stomach. In the

following forms the caecum is fused with the initial part of the

intestine, and communicates with it by a narrow longitudinal slit

:

Area, Mytilus edulis, Ostraea, Peeten, the Lucinidae {Montacuta), the

Tellinidae and Psammoliiidae, Cardium, the Unionidae, Mya,

Solenoeurhis, and the Septibranchia. The extremity of the crystalline

style projects into the stomach and is gradually eroded b}'^ the

action of the digestive secretions ; the product of its solution forms

a sort of cement Avhich encrusts any hard substances that may have

been ingested and thus protects the delicate walls of the intestine

from injury. Sometimes the stomach is furnished with a second

ventral caecum, which may be anterior, as in Mytilus, or posterior, as

in the Pholadidae and Teredinidae (Fig. 195).

The liver consists of a pair of voluminous, more or less sym-

metrical acinous glands which occupy the whole space surrounding

the stomach, and may extend into the foot (Figs. 207, 222, hej>).

Posteriorly and dorsally the liver is generally covered over by the

gonads. In the adult Nuculidae and Ledidae the left lobe is the

larger, and the coils of the intestine are situated on the ricjht side.

It should be noted that, in developmental stages, the left liver lobe

of Lamellibranchia, like that of the Gastropoda, is larger than the

right (Fig. 192, /./, /./). The hepatic orifices leading into the

alimentary canal are often multiple, even in some Protobranchia,

but in development and in many adult forms {Solenomya, Adaenarca,

jModiolaria, various Erycinidae, Fsriidokellya, etc.) there are only two

more or less symmetrical orifices. As a result of specialisation

these larval apertures may multiply, and various numbers are found
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in julult forms, viz. three in certain Nuculidae, in Chama, and
Spomli/lus ; four in Area ; five in Pectunculus, Philohri/a, and Fecten

;

and as many as twelve in Mytilus. The himen of the hepatic

glands may be of considerable size, and form part of the digestive

and absorptive cavity. In certain Lucinidae (Moiifacuta, Axiiius,

Fig. 238) the hepatic glands, together with the overlying gonads,

project into the pallial cavity in the form of arborescent tufts.

The intestine almost always arises from the ventral side of the

stomach, and is sometimes provided with a valve at its origin

(Pinna). It is short and rectilinear or scarcely coiled in Solenomya,

in sundry Filil)ranchia such as Area, Pcetunculus, Limopsis, Pldlohrya

(Fig. 234), ,Tfrtwm>, and in the Septiliranchia (Fig. 251, in); but

cu-

ot.o

Fig. 201.

Median saijittal -section of tlie anterior i)art of the digestive tract of /tonrt.c. a.l, ar.terior

lip ; cae, caecum ; tr.s, crystalline style ; cu, stomachal cuticle ; in, intestine ; m, mouth
;

oe, oesophagus ; p.l, posterior lip ; st, stomach. (After Harrois.)

more usually, as the Lammellil^ranchs are nearly all herbivorous, it

describes a certain number of coitvolutions in the viscero-pedal mass
(Fig. 242, al). These may vary from one to a dozen in number,
and sometimes they are confined to one side of the body ; in the

Nuculidae and Ledidae, for example, they are on the right side.

The intestine is ciliated throughout its whole length, and its rectal

portion is generally pronded Avitli an internal longitudinal ridge.

In JVmula (Fig. 204, XIV), Area, and Anomia the rectum passes

ventrad of the ventricle of the heart, as it does in Amphineura

;

but it traverses the ventricle, in rhipidoglossate fashion, in the

majority of Lamiuellibranchia. But in Malletia, Avicula, most
species of Ostrara, Miilleria, and Teredo (Fig. 195) it is dorsad

of the heart. Fin'dly, tlic rectum always passes over the dorsal

side/ of the posterior adductor muscle, and ends behind it in
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the middle line, except in a few fixed forms, such as Fede.n (in

which the anus is to the left of the middle line, Fig. 234, a), Ostraea,

etc. In some species of Pedcii and Lima the rectum is recurrent,

and nearly completely surrounds the posterior adductor muscle.

In some special cases, viz. in various Aviculidae, and especially in

Pinna, the free extremity of the rectum bears an erectile appendage.

2. Circulatory Apparatus.—The vascular system of Lamelli-

branchs, like that of all other Molluscs, is completely closed, and

water cannot possibly enter into the circulation. The system is

composed of more or less dilated and spacious, but none the less

true vessels, and of sinuses with connective tissue walls, but without

an endothelium. Not only is the vascular system completely cut

off from the surrounding medium, but it is also cut oft" from the

pericardial cavity, as may clearly be seen in red-blooded forms,

whose pericardial fluid is colourless and, like that of other Lamelli-

branchs, totally devoid of blood corpuscles.

The blood always forms an important part of the mass of the

body, often constituting a half of its weight. It contains nucleated

amoeboid corpuscles (amoebocytes), and

in some cases, particularly in arenicol-

ous or limicolous species, non-amoeboid

corpuscles containing haemoglobin.

Such is the case in various species of

Area {A. trapezia, A.pexata, A. tetragona,

etc.), in Fectanculus violacescens, Tellina

planata (and around the nerve-centres

in T. fahuh), Poromya granulata, and

some Solenidae such as Ceratisolen

legiimen. While red in these latter

forms, the blood in certain Yeneridae,

Cardiidae, Dreissensiidae, etc., is of a

bluish tint owing to the presence of

haemocyanin. Tn addition to its normal

function, the blood plays an important

part in causing turgescence of tegumen-

tary expansions, the mantle and siphons

and the foot.

As in all other JNIollusca, the central

organ of the circulation is on the dorsal

side (Fig. 202, ve), near the hinge of

the shell, and is contained in a peri-

cardium. In adult Anomiidae, how-

ever, it projects freel}'^ into the pallial

cavity, behind the adductor muscle.

The heart always consists of a median ventricle and two generally

symmetrical auricles : it is only in such forms as Aiwmia that the

q^Pt

Via. 20-J.

Tapes pvUaster, without its shell,

dorsal aspect, with several organs seen

througli the mantle, a.a, anterior

adductor muscle ; a.h, aortic bulb ;

a.f.r, anterior foot retractor ; au,

auricle ; (/, internal gill-])late ; g', ex-

terior gili-plate ; h.a, posterior adduc-
tor; hi, hinge -lobe of mantle; /.•,

kidney ; /.;>, labial palp ;
j'tt, mantle ;

jie.g, pericardial gland ;
;)./'.), jiosterior

foot retractor ; re, rectum ; .si, siphon ;

ve, ventricle.
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auricles are altogether asymmetrical. The ventricle lies com-

pletely free in the pericardial cavity ; it is, however, fused to the

dorsal wall of the pericardium throughout its length in Pliodon,

and for a part of its length in randora. The walls of the

ventricle are always very muscular, and contain fiee and inter-

laced bundles or muscle fibres. The situation of the ventricle

varies very much, even in tolerably closely related species : it

is dorsad of the rectum in Nxicida (Fig. :^04), the Anomiidae,

and Aral ; traversed by the rectum in the great majority of

Lamellibranchia (Fig. 231, r) ; and finally ventrad of the rectum
in Jlalletia, Osfraea (except 0. cochlear), Midleria, and Teredo

(Fig. 195). The ventral position of the ventricle, in species

remotely allied to one another, is a phenomenon of convergence

due to the shifting of the base of the gill away from the primitive

position of the heart. It should be observed that the transi-

tion to the ventral position is to be seen in Pinna, Perna, and
Avicula : in the first-named the ventricle still forms a very slender

ring above the intestine, but in the two last genera it is simplv

attached for its whole length to the ventral side of the intestine.

In Xucula and Area the ventricle appears to be formed of two
symmetrical halves : it is really elongated transversely, and con-

tracted in the middle of its length. In adult Lamellihranchs the

ventricle may beat rather slowly

—

cjj. twenty

times per minute in the 03-ster, six times per

minute in Anodonta— Imt in the young of

Osfraea the pulsations may be as many as one

hundred per minute.

The auricles communicate with the ventricle

by a narrow .slit on each side, the apertures

being provided Avith muscular A-alves whicli

prevent the reflux of blood from the ventricle.

The auricles are thick and muscular only in

the Nuculidae, Solenomyidae, Anomiidae, and
in a lesser degree in Pectvncuhis. In these

diverse but relatively primitive forms (and also

in Pecten and some otlier types), the auricle of

either side is connected only with the anterior }\\'
ventricle; iv,11 • r ^ „ 1 , ,

(Alter Pull.)

or basal extremity of the enerent branchial

vessel, a disposition which is common to other groups of jMollusca and
indicates the primitively posterior situation of the ctenidia. In this

case the auricles are elongated (Fig. 204, XII) and their maximum
diameter is close to the ventricle. In all other cases their wall.s

are thin and moderately muscular, they enter into relation with

the gills along a considerable extent of the efferent branchial vessel,

and they are triangular in form (P'ig. 234, aur), with the maximum
diameter nearest the gill. "When the ventricle contracts the

Fig. 203.

Heart of Ostroea e(lu!i.<.

I, the joined auricles ; II,

liranchial efferent vessels ;

aorta.
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auricles dilate, so that the three together always fill the pericardial

cavity. The walls of the auricles are frequently invested with a

brownish-coloured glandular epithelium, constituting the pericardial

glands (see below, p. 233). Sometimes the two auricles com-

municate with one another inside the pericardium. In the

Pectinacea (Pectiniclae, Aviculidae) and Ostraeacea (Fig. 203), and

also in FedunrAdua, Philohrya,

and the Mytilidae, this com-

munication lies behind and

to the ventral side of the

ventricle and its aorta ; in

Isocardia it is anterior and

dorsad of the aorta. The
same tendency to the union

of paired symmetrical organs

may be seen in the kidneys

and gonads.

When the circumanal com-

plex— that is to say, the

posterior adductor muscle, the

mantle borders, and especially

the siphons—are only slightly

developed, the ventricle only

gives off a single anterior

aortic trunk, just as it does

in the Amphineura and Gas-

tropoda. This is the case in

the Anomiidae and Mytilidae.

Or the posterior aorta may
be very small or indistinctly

marked off from the anterior

aorta, as in Pcdunculus and
^^^" '^^^'

some species of Nucula ; but
Nin-irfre ?M(c?e((,s transverse section tluougli the • 11 „4.Kp„ T ompllil-iranf>Vi«

heart. 1, pericarrtium ; II, genital duct; 111, 1" ^^^ OUlCr ijameuioraucns,
kidney; IV visceral commissure; V, intestine; aud especially in the sipboiiatC
VI, foot; vn, mantle; VIII, byssus cavity; IX, . ^ .

-^
, ^

liver; X, atlerent sinus ; XI, retractor muscle of fomiS, there are alwayS tWO
the labial i)ali)s ; XII, auricle ; XIII, ovary; XIV, , , •

j

rectum ; XV, ventricle. aortae, an aiiteiior and a pos-

terior, clearly separated from

one another and of more or less equal importance. The anterior

aorta is dorsad and the posterior ventrad of the intestine, except,

of course, in Nuada and other forms in which the heart is

dorsal. The pedal branch of the anterior aorta passes between

the cerebral and pedal ganglion - pairs. In Oslniea, J^ulsella,

Tridaciia, and Teredo the two aortae are secondarily fused to form

one ; again an instance of convergence in unrelated species, due to

the shortening of the antero-posterior axis of the boily.
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The foot, the mantle, and the siphons derived from the latter

are gorged with blood when their muscles are relaxed, and their

sudden contraction often produces a reflux of arterial l:»lood towards

the heart. In Lamellibranchs with a well -developed foot and

siphons, the return of Ijlood into the ventricle is prevented by

valves situated at the origins of the aortae, and a sphincter is also

often to be found at the root of the posterior aorta, and sometimes

a valve in the siphonal artery. In addition, highly developed

aortic bulbs, separated from the ventricle by one of the above-

mentioned -valves, are frequently present, generally on the posterior

aorta, where a large bulb may be seen, Avithin the pericardium, in

many Siphonates, particularly in the Yeneridae {Tapes, Fig. 202, a.h),

Petricolidae, Tridacnidae, Mactridae, etc. A bulb or aortic dilata-

tion also occurs on the anterior aorta, inside the pericardium in

Pcden and the Mytilidae, outside the pericardium in Anodonta.

The arterial blood forced back towards the heart by the contraction

of the foot or mantle or siphons enters and fills these various bulbs.

The blood carried to the different parts of the organism by the

ultimate ramifications of the arterial tiuiiks finally enters the

venous sinuses, of which the most
important are the pallial simises,

the pedal sinus, and the great

median ventral sinus. The last

named is situated between the

pericardium and the foot, and is

separated from the pedal sinus by
the valve of Keber, which prevents

the foot from emptying itself of

blood when in movement. It is

from this great unpaired median

sinus that the greater jmrt of the

blood is derived that passes through

the kidneys and thence goes on to

the gills. But a certain quantity

of blood is carried to the auricles

without having passed through the

gills : this blood is brought from
the mantle, for example, in Peden.

The essential respiratory organ

of the Laniellil>ranchs is a pair of

ctenidia. E<ich ctenidium is a

lateral pallial offset, occupying a

longer or shorter space between the mantle and the posterior part

of the visceral mass. It may extend as far forward as the laljial

palps (Fig. 241, />/), but in the most archaic forms the gills still

occupy a relatively posterior position (Figs. 230, 231, (j\ while in

Fl<i. -206.

Transverse section through an Anodonta,
alMJiit tlie nii(l-ref;ion of the toot, a, auricle ;

'//', outer gill-plalL' ; h'r', inni'r j,'ill-i>late

(eacli coiiipcsed of two laineHae); /, foot;
I, intestine ; w, niuntle-flap

;
ji, p', peri-

(-anlial cavity. (I'roni Liinkester, after
Ge^enbaur.)
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specialised forms they rencli to the antei'ior extremity of tlie body
(Fig. 22]). Each ctenidium consists of a hollow vascular axis

bearing on each face a row of more or less flattened hollow filaments,

which are nothing more than simple exjiansions of the axis. In the

Protobranchia the filaments are broad, simple, and free (Fig. 230, g),

and the two rows are situated on opposite sides of the axis (Fig.

206, A, B). In all other Lamellibranchia the filaments are more or

less narrow, and the two rows are normally parallel to one another

A

% i w 1
H

;l- 1:

Fig. 206.

Diagrammatic section.s taken transversely to the axes of the gills of various Lamellibranchs.
A, Niicvla ; B, Solenomya ; C, Dimya ; D, the majority of the Lamellibranclis ; K, Donax faba ;

t\ Donax voriahUis, Tapes, Venus; G, Lasaea; II, TcUinn; J, Lyon.na; K, I.ucina, Montdcuta.
(I, axis ; 6, direct (usually descending) lamella of the outer gill-plate ; c, i-eflected (usually
ascending) lamella of the outer gill-plate ; d, direct or descending lamella of the inner gill-plate ;

e, reflected or ascending lamella of the inner gill-plate
; /, leaflets of the outer gill-plate ; g,

leaflets of the inner gill-plate. (After Kidewood.)

and directed towards the A-entral surface (Fig. 20 G, C-K). The distal

moieties of the filaments are, however, reflected ectaxially and

dorsalwards, in such a manner that each row forms a double

lamina, that is to say, consists of two leaves or lamellae (Fig. 205,

ir, hr) between which there is an interlamellar space or cavity,

serving, in some species, for the incubation of the ova.

In the Fililiranchia the successive filaments of each ctenidial

row are locked together by ciliary junctions, sometimes specialised

to form ciliated discs Avhose cilia interdigitate closel)'' with one

another (Fig. 210, A, cj). The direct and reflected limbs of each
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individual filament—and consequcntl}' the two lamellae of each gill-

plate—are joined together by bridges or interlamellar junctions,

which are formed of connective tissue only in the Pectinidae, but

are vascular in the Aviculidae. Finally, tlie diflerent elements of

the branchial apparatus are much more intimately connected in the

various groups of Eulamellibranchs, in which there are always

vascular interfilamentar and interlamellar junctions (Fig. 237).

Thus the blood brought to the gill by the afferent vessel is conducted

by vessels which run between the lamellae and communicate with

Fig. 207.

Adanmrca nltens, Pels., transverse section. t>r, right internal gill-plate ; br', left internal
Rill-plate (without reflected lamina): ?<i-", external gill-plates (with reflected lamina); ca.b,

byssus cavity ; com. I', visceral commissure ; liep, liver; in, intestine
;
jjk, mantle

; pfr, peri-

cardium ; r, kidney ; st, stomach ; tcs, testis.

the filaments on either hand, forming in this manner the inter-

lamellar junctions.

Each gill -plate may be thrown into a very regular series of

transverse folds, each fold involving a fixed number of filaments
;

this is the case in the Pectinacea, the Ostraeacea, and the more
specialised forms of Eulamellibranchia. In the last-named the

folding is still but slightly marked in the Veneridae, but becomes

much more so in the Cardiacca (in Tridaain, a single fold may
contain as many as seventy filaments), the Myacea, etc. In the

Pectinacea and Ostraeacea the filament forming the junction l)etween

two successive folds becomes thicker and more important than the
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others, constituting a principal filament lying at the bottom of the

furrow between two successive folds. Not all the Lamellibranchia

possess complete gills consisting of two gill -plates each formed

of two reflected lamellae ; in Anomia aculeata and Dimya none of the

gill - plates have reflected lamellae ; in Adacnarca the reflected

lamella is absent from the inner plate (Fig. 207, br') ; in Lasaea

and all the Anatinacea there is no reflected lamella in the outer

plate, and finally, the external plate is aborted in certain Lucinidae

(Lucina, Corbis, Muntacuta, Cryptodon), in Scioberetia, and the Tere-

dinidae (Fig. 206, K). The external gill-plate, whether complete

or not, instead of being directed ventrally with its lower border

parallel to that of the inner plate, may be directed dorsally, and

in such case may be without the reflected lamina, as in Solenomya

(Fig. 231, (j), or may possess it, and be either smooth, e.g. Tellina

(Fig. 206, H), or folded, e.g. the Anatinacea.

The posterior, that is to say, the distal ends of the branchial

axes are primitively free, as in the aspidobranch Gastropoda (Figs.

82, 127), and in such case the gills

show no concrescence inter se, nor

do the free extremities of the re-

flected lamellae unite with the

mantle. This primitive condition

is found in the Protobranchia (Fig.

231), the Arcidae (Fig. 208, d), the

Trigoniidae, the Mytilidae, and the

Pectinidae (Fig. 235, </) ; and among
the Filibranchia it is only in the

Anomiidae that the gills are united

by the dorsal edges of the internal

lamellae of the inner plates. But
in all other Lamellibranchs the

gills, in addition to this union, are

joined to the mantle by the upper

edges of the external lamellae of

Flo. 20S.

View of the ventml (pedal) aspect of the

the outer gill -plate, and anteriorly,

where the visceral mass interposes
animal of Area notu; tlie mautie-flap and a. v^,.p,.p,,f f],Q nm'nn r>f tliP Toflpftprl
giu-iiiaments having been cut away. «, ^0 pie\ent me uuiou ot tiie lenecteci

lamellae of the inner gill -plates,

these latter are attached to the

viscero - pedal mass (Fig. 209,

B, C, D). These various unions of

the extremities of the reHected

lamellae, whether with one another

or with the mantle or with the viscero-pedal mass, may be effected

by simple ciliary junctions

—

e.g. in Aricula, Pinna, Anomia, Solcn,

the Anatinacea—or by a true concrescence.

inouth ; 6, anus ; c, free curved oxtreniity

of the gill-axis of the rii^ht side ; d, do. of

the left side ; e, f, anterior part of these

axes fused by concrescence to the body-

wall ; g, anterior adductor muscle; /i,

posterior adductor nmscle ; i, anterior lip
;

k, posterior lip ; I, base line of the foot

;

m, sole of the foot ; n, byssus cavity. (After

Lankester.)
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The result of those multiple unions is that the gills form a

partition, extending as far as the division between the two posterior,

anal and branchial, pallial orifices (Fig. 209, D), and dividing the

pallial cavity into tAvo chambers, called respectively the supra-

branchial or cloacal and the infra-branchial chaml)er (Fig. 209, i, i).

The respiratory water generally enters the pallial cavity by the

postero-ventral side (by the branchial orifice or by the branchial

siphon, if the latter is differentiated) ; thence it passes, as through

Fig. 209.

Diagrams of transverse sections of a Lamellibranch to show the adhesion, by concrescence,
of the gill-lamellae to the mantle-flaps, to the foot, and to one another. A shows two conditions
with free gill-axis; B, condition at foremost region in Anodonta; C, hind region of foot in

Anmlonta; D, region altogotlipr posterior to the foot in Anodonta. it, visceral mass; b, foot;
c, mantle-flap ; d, axis of gill or ctenidiuni ; e, adaxial lamella of outer gill-plate ; cr, reflected

lamella of outer gill-plate ; /, adaxial lamella of inner gill-plate ; fr, reflected lamella of inner
gill-plate ; 3, line of concrescence of the reflected lamellae of the two inner gill-plates ; h,

rectum ; i, supra-branchial space of the snb-pallial chamber. (After Lankester.)

a filter, through the trellis-work of the branchial filaments con-

stituting the partition in question, and is expelled from the supra-

branchial chamber by the anal orifice of the mantle or by the anal

siphon.

In one whole group, the .Septibranchia, this l)ranchial partition

loses its normal structure in consequence of a predominant develop-

ment of its contractile elements, by Avhich it is converted into a

muscular septum perforated by apertures leading ventro-dorsally

(Fig. 211). The water passes through these apertures from the

infra-branchial into the supra-branchial or cloacal chamber. Eespira-
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tion is effected in the latter chamber by the internal surface of

the mantle, which is bathed by a strong current of water passed

through by the contractions of the muscular septum.

As regards the structure of the gills, it has been known since

1877 (Peck) that in all the Lamellibranchia each constituent fila-

ment of the gill is clothed externally by an epithelial layer con-

tinuous with the epithelium of the general surface of the body.

Base

Fio. 210.

Ctenidial filaments of Mytilus ethdis. A, part of four filaments seen from the outer face in

Older to show tlie ciliated jiinction.s c.j. li, diagram of the posterior face of a single complete
tilaiiieut with descending (direct) ramus and ascending (reflected) ramus ending in a hook-like
l)rocess ; eji, the ciliated iunctions ; i./.j, inter-laniellar junction. C, transverse section of a
filament taken so as to cut neither a ciliated .junction nor an inter-lamellar junction ; h.e, blood
corpuscle; ch, chitinous tubular lining of tlie filament; f.c, trontal epithelium; l.f.f', ciliated

edge-cells ; l.f.e", lateral cells with long cilia ; lac, blood lacuna traversed by a few processes of
connective tissue cells. (From Lankesler, after Holman Peck.)

At certain points this ei^ithelium is modified and bears powerful

cilia, particularly on the two ventral edges of each filament, where

the so-called "corner cells" (Fig. 210, l.f.e), by the action of their

cilia, keep up a brisk current of Avater over the surface of the gills.

There arc also " lateral " ciliated cells on the two faces of each

filament, which ensiue the ciliaiy union between successive fila-

ments. Internally each filament presents a supporting structure,

formed by paired longitudinal thickenings of the sub-epithelial
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connective tissue. This thickening is specially well developed on

the internal sides of the lamellae in the Anomiidae, Arcidae, and

Trigoniidae (Filil)ranchia, in which the filaments are very loosely

held together), while in the rest of the Lamellibranchia the thicken-

ing is most developed on the external or ventral side.

The cavity of the branchial filaments is divided lengthwise by a

connective tissue septum in the Anomiidae, Arcidae, and in Pede.n.

The afferent branchial vessel runs in the dorsal half of the axis in

the Protobranchia, and consequently the blood enters each filament

on the dorsal side and passes to the ventral side to enter the efferent

branchial vessel leading to the auricle. Thits in each filament

there are two currents running in opposite directions, but continuous

Fio. 211.

Transverse section of CnftpUlariii, taken tliront;!! the heart. I, branchial septum ; II,

brancliial nerve ; III, sphincter of branchial orifice ; IV, mantle ; V, septal oritice ; VI, posterior

retractor of the foot; VII, testis; VIII, intestine; IX, accessory genital <;land ; X, visceral

commissure; XI, ventricle; XII, pericardiuni ; XIII, auricle; XIV, kidney.

with one another. The same thing may be seen in the narrow and

still independent filaments of the Anomiidae and Arcidae, but when
the cavities of successive filaments are put into communication with

one another along the free borders of the reflected lamellae, there is

but one current in each filament running from the afferent vessel

(whose position is varial^le) to the efferent vessel common to the

two gill-jtlates.

In addition to their respiratory function, the gills are accessory

to the function of alimentation. The action of their cilia produces

a constant current from behind forwards, which carries particles

suspended in the water towards the labial palps, and consequently

towards the mouth. In sorne rare cases—for example, in Mijtilus—
an accessory respiratory apparatus is developed in addition to and
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outside the cteuidial Ijranciiiae, in the form of little secondary pallial

outgrowths, constituting the folded organs called "frills."

3. Excretory Organs.—The principal excretory organs are the

kidneys, which are symmetrical organs situated below the peri-

cardium in the postero-dorsal region of the body : they generally

extend back to the posterior adductor muscle, but not so far in

the Protobranchia (Fig. 231, h). They have the form of two sacs,

with glandular walls, irrigated by the venous blood passing to the

gills and opening on the one hand into the pallial cavity by
orifices situated at their anterior ends and external to the visceral

commissure, and on the other hand into the pericardium. This

latter organ is a median dorsal pouch, situated in the posterior

part of the visceral mass and enclosing the heart (Fig. 204, I

;

205, p). In the Anomidae alone of all the Lamellibranchia the

pericardium is greatly reduced, does not contain the heart, and con-

sists of two small ramified spaces. The
pericardium communicates with the kidneys

by two symmetrical ventral reno-jiericardial

or internal renal orifices (Fig. 212, rp), and

in Anomia the kidneys communicate Avith

the two small ramified spaces mentioned

aboA^e. The tubes of the gland of Keber,

Avhich ramify in the mantle, also open into

the pericardium. The pericardium is always

completely shut off from the circulatory

system, a fact which can readily be demon-

strated in Lamellibranchs with red blood.

The sti'ucture of the kidneys is simplest
^^°- -!"• in the Protobranchia. In this group each

Diagram of the pericardial J^idney has the fomi of a morc or less
organs m the Lainelhbraiichia, ^^ i • ^ piii • ^e • i
dorsal aspect, o.a, anterior cylindrical sac foldcd OH itself in such a
adductor ; an, auricle ; n, right ii ^ ^.i, • j • i j i. i

genital gland; g.n, genital manner that the pericardial and external

S^'fc^fgM ktiSTj-rpeii- orifices are both anterior. The lumen of

car'di'uni'; pe.ri, pericardial the sac is large, its wall is glandular and
gland; re, rectum; r.o, renal . .1 i , •, . . i xi
opening; rp, renopericardial Unitomi tlirOUghOUt itS extCllt, and tlie

?ride!'
'*' '*°"'^"''' "' ''"" two kidneys do not communicate with

one another {Solenomya, Fig. 213). This

essential character of a tube folded into a U-shape, so that

one branch is antcro- posterior and the other postero- anterior,

is preserved throughout the Lamellibranchia, but . as a result

of specialisation the interior surfaces of the renal sacs are more

and more increased by the formation of multiple folds, giving

a spongy appearance to the organs. Sometimes, also, the

terminal part or postero -anterior branch loses its excretory

character and is modified to form a simple duct, which more

or less surrounds the other branch (Unionidae, Fig. 242 (6), an, or).



THE LAMELLIBRANCHIA 233

In other cases the dirtereutiation into two branches folded one over

the other disappears through the reduction of the antero-posterior

branch ; the kidney is then a simple sac into which the reno-

pericardial duct opens. This may be seen in some Filibranchia.

The two kidneys do not communicate with one another in

Solenomijii and in many Filibranchia, but a communication between

their anterior ends is already present in Yoldia and Leda, and

a communication, often of considerable extent, between their

posterior ends is found in the majority of the more specialised

forms, e.g. Modiolarca, Lasaea, Doiiax, Tapes, Pseudokellya, and

especially in the Myacea, Pholadidae, and Anati-

nacea. The renal organs are excessively ramified

and extend over the whole surface of the visceral

mass in Ostraea, and both in this genus and in

Pliolas they surround the posterior adductor

muscle. The kidneys similarly extend very far

forward in Mytilus and in the majority of the

Anatinacea, penetrating into the mantle itself

in Lyonsiella. Finally, in the Septibranchia tlie

kidneys are almost wholly immersed in the Left kuiney of soUw.

pallial SmUS (llg. 211, \IV). aspect. I, posterior i>ait

In the most archaic Lamellibranchia the
^itern\f';^^;^;=ill; rem.!

renal secretion is passed out of the body in pericardial ^orince
;

iv,

a liquid form, but in others in the form of

solid concretions, exhibiting concentric layers of growth, and in

normal conditions containing only urea.

The excretory function is carried out by the pericardial glands

as w^ell as by the kidneys. These glands are differentiations of

the epithelial wall of the pericardium, and may be localised on

and impart a 1)rownish tint to the auricles, as in many Filibranchia

(Arcidae, Mytilidae, Pectinidae) and the Ostraeacea, or they may
be near the auricles as in the Aviciilidae. In this condition

they are less well developed in the more specialised groups, but

they reappear in Phohis and Saxkava. The glands frequently

exist in the form of a glandular lining of the anterior part of

the pericardium or of the glandular diverticula which pass from the

pericardium into the mantle (Fig. 212, pe.g). This arrangement

may be seen in the Unionidae—the diverticula constituting the

" organ of Keber "—in certain Lucinidae, Veneridae (Fig. 202, X)^-0)i

Tellinidae, Solen, Pholas, and ylspergillum. In the last-named

genus these diverticula used to be called pericardial veins at a

time when the pericardium was thought to be a l^lood sinus. The
pericardial glands excrete hippuric acid, which is poured into the

pericardium, and from thence passes into the kidneys.

4. Nervous System and Sense-Organs.—The difTercnt pairs of nerve-

centres are always placed at some distance from one another in the
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Lamellibranchia. In the Protobranchia alone are there four dis-

tinct pairs of ganglia, cerebral, pleural, pedal, and visceral, in the

adult (Fig. 214). In this group there is a pleural ganglion attached

to the cerebral ganglion on either side, as is the case in the

Scaphopoda and the " epiathroid " Gastropoda (Figs. 182; 123, B).

There are therefore two pedal connectives on each side {Solenomya

and Xucula), namely, the cerebro-pedal and the pleuro-pedal con-

nectives, which are free in the initial part of their course (Fig.

214, c.j).c, pl.p.c), but are fused together half-way towards the

pedal centres in Nucula, and for nearly the Avhole of their length

in Solenomya, as is the case in Dentalium (Fig. 182) and the

Atlantidae. In all other Lamellibranchia the pleural centres are

intimately fused with the cerebral, and there is only a single pedal

on

Fig. 214.

Nervous system of Nucula nucleus, viewed fi'oni the left side, and a little ventrally. ce.g, cere-
bral ganglion ; c.n, cerebral nerve ; c.p.c, cerebro-pedal connective ; o.n, otocystic nerve ; o.o,

otocystic orifice; os, ospliradium ; ot, otocyst
;
pa.n, pallial nerve; p.g, pedal ganglion; pl.g,

])leural ganglion
;

pl.p.c, pleuro-pedal connective ; vi.c, visceral commissure ; vi.g, visceral
ganglion.

connective on each side (Fig. 215, B). Nevertheless, in all the

Lamellibranchs belonging to different groups that have been studied

from this point of view, a pleural ganglion distinct from the cerebral

has been recognised in the course of development {Modiolarca,

JJreisseusiu, Lasaea, Teredo).

In all the Lamellibranchia the cerebral, or rather the

cerebro-pleural, centres are connected with the pedal and visceral

centres : thus there are two distinct commissures, the pedal

and tlie visceral. In Mytilus, however, the visceral commis-

sure is fused for a certain distance Avith the pedal connectives.

The visceral commissure is always long, and issues from the pleural

ganglia in Nucula and Solenomya, from the cerebro-pleural ganglia

in other Lamellibranchia. It runs somewhat superficially right

round the viscero-pedal mass, inside the renal orifices (Fig. 231, r.o),

and bears on the posterior part of its course a large pair of ganglia
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(Fig. 215, (), and in exceptional cases a little ganglion at about the

middle of its length on either side, at the point of origin of

the branchial, pallial, or visceral nerves. The.se additional ganglia

occur in Dreissensia and in some other genera of Eulamellibranchia,

viz. the Unionidae, Cardium, Lntraria, Mya, and Solen. Each of

the three chief pairs of ganglia presents the same general

characters in the entire class, and special characters in certain

forms.

The cerebro- pleural ganglia are supraoesophageal and are

situated alcove the buccal orifice
;
generally on the posterior face

of the anterior adductor muscle when this exists (Figs. 230, 251, c.rj).

In the Solenomyidae alone do they occupy a more posterior position

(Fig. 231, eg). In the Protobranchia, and in Madra corallina and
Venus, the cerebro-pleural ganglia are attached to one another, but

in all other forms they stand

apart. They innervate the labial

p;il[)s, the anterior adductor

muscle, and the anterior part of

the mantle, and send fibres to the

osphradia and otocvsts.

The pedal ganglia are situated

in the mass of the foot at a

greater or less distance from the

cerebral centres ; they are always

attachetl to one another (Figs.

214, p.g; 215, h). When the

foot is atrophied they become

more and more reduced

—

e.g. in

Teredo (Fig. 195, ju.j/), Ostraea,

Peden (Fig. 215, C)— and the

pedal connectives become very

short.

The visceral ganglia are situ-

ated some distance behind the

posterior adductor muscle in all

the Protobranchia (Fig. 231, r.g), KauKlion-pair; h, pedal pingllon - pair ; c,

T , • ^1 T 11-1 1 • xi visccnil naiiKlion-pair. (From Laiikester,
but in Other Lamelhljranchia they after Cogenbaur.)

are to be found on the ventral

face of this muscle (Figs. 188, 218, 219, etc., v.g), except in TJiracia,

in which they are in front of it, and in some highly sjiecialised

forms in which tliey are again behind it, as, for example, in I'holas,

and particularly in Teredo, in which the posterior adductor is

shifted forward (Fig. 195, r.g). The visceral ganglia are generally

superficial, and barely covered by the tegumentary epithelium

(Figs. 188, 236), but in Lima they are somewhat deeply embedded
in the visceral mass. The two ganglia are primitively distant

Central nervous system. A, of Teredo;
of Aiiodoiita; C, of J'ecten. a, cerebral
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from one another, and remain so in most Protobranchia (Fig.

214, vi.g), in the Anomiiclae, most species of Area (Fig. 188, v.g),

in AdacMarca and Fhilobrya, the majority of the Mytilidae, Avicvla

(Fig. 236), Ostraea, and certain Lucinidae (Montacuia). On
the other hand, they are in juxtaposition in Yoldia, Pedunculus,

Limopds, certain species of Area, the Trigoniidae, Modiolana, the

Pectinidae, most Eulamellibrauchia, and the Septibranchia. The
visceral centres innervate the gills, the heart (by recurrent nerves

passing round the posterior adductor muscle), the posterior part of

the mantle, and the siphons. The anterior pallial nerves issuing

from the cerebro-pleural centres and running along the borders of

the mantle anastomose with nerves issuing from the visceral ganglia

to form a complete pallial circle on either side. In some Eulamelli-

branchia (Dreissensia, Pholadidae, and Teredinidae) there is a small

)iut distinct ganglion mass in front of the visceral ganglia, and
united to the two branches of the visceral commissure. In

Dreissensia this accessory ganglion gives off several nerves, chiefly

to the viscera.

The Lamellibranchia have no differentiated stomato- gastric

system ; the median faces of the two branches of the A'isceral

commissure give rise to nervous strands which pass to the

alimentary canal.

Tactile sensibility is specially localised in the most exposed

parts of the body, that is to say, in the borders of the mantle along

which run the circumpallial nerves formed by the anastomosis of the

anterior pallial nerves from the cerebro-pleural ganglia with nervous

trunks issuing from the visceral centre. The mantle borders very

often bear sensory papillae, or more or less well developed tentacles

throughout their extent, e.g. in Solenoviya (Fig. 231, jx/), Le-pton, Pecten

(Fig. 2^0, ])a), and above all Lima : in this last genus the tentacles are

long, contractile, and disposed in several rows. When the borders

of the mantle are fused together at various points, these sensory

papillae are localised at the postei'ior ends, at the place of entrance

of the respiratory fluid, or at the margins of the siphons (Figs. 219,

221), or round the two siphons to form a sort of tentacular crown,

as may be seen, for example, in Cardium (Fig. 243, a.s, br.s), Tape.%

Corbula, Poromya {¥\g. 2-i9, p.t). In some cases there are highly

developed tentacles ; thus in Lepton and Galeomma there is a median
azygos tentacle at the anterior end at the point of union of the two

mantle lobes, and two sj^mmetrical tentacles in the same situation

in Solen. There are two symmetrical tentacles at the posterior end in

Solenormja, and a single lateral tentacle on the right or left side in

the Ledidae (YokUa^Fig. 230, s.f, Leda, and MaUctia). The labial

palps are not highly specialised tactile organs, and serve as acces-

sory alimentary rather than sensory organs.

At the origin of each great 1)rant'hial nerve, close to the visceral
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ganglion—and consequently on the posterior adductor muscle in

most cases—there is an accessory ganglion (Fig. 214, as), above which
the tegumentary epithelium is modified to form a sensory organ,

and is often pigmented, as for example in Ana. This organ cor-

responds to the osphradiuiii of the Gastropoda, and its situation at

the point of attachment of the gill renders it probable that it serves

to test the respiratory Huid. The osphradial ganglion receives

nerve-fibres not from the visceral ganglion, but from the cerebral

ganglion by way of the visceral commissure.

Another organ of an analogous nature, lying on the posterior

adductor muscle on either side of the anus (and consequently

behind the osphradia), is found in many asiphonate forms, for

example, in the Arcidae, the Trigoniidae, the Pectinidae, and
the Aviculidae. It forms a little papilla or epithelial elevation

at the end of a nerve strand given off from the posterior pallial

nerve, which in turn is given off from the visceral ganglion. In

these Lamellibranchs the two little organs in question often show
a tendency to asymmetry, that of the right side being better

developed than that of the left. In the siplioiiate Lamelli-

branchia, in which the gills are united together posteriorly

and conceal the posterior adductor muscle, the sensory organ in

question is displaced along the course of the posterior pallial nerve,

and lies at the internal end of the inhalent or branchial siphon,

often lying over a " siphonal " ganglion developed at this place.

In such case the organ may be an epithelial jirojection in the form
of a glandular and sensory plate (Leda, I)o?ia.r, and Pholas), or a
projecting lamina {Madra, Scrobicularia, etc.), or even a tuft composed
of many papillae (Tellina). Lastly, an adoral

sense-organ, provided with an accessory ganglion,

exists in the neighbourhood of the palps in Nucula

and Forovvja.

The otocysts or statocysts, as is the case in

the majority of the ^loUusca, are situated in the

pedal mass in proximity to the jiedal ganglia

(Figs. 230, ot; 242, ay), and they may even be otocy^' 'It' Cycias.

deeply embedded in these centres, for instance, <^> capsiue; e, ciliated

in Galeomma, and the Leptonidae (Lasaea, Kelbja). tic lapsuie; ototoHth."

In the majority of the Protobranchia {Nucula, (^^Jo;,".'^,i^''»'<e.ster, after

Leda, Solenomya), in Ana, and in some Mytilidae

(Mytihts, Lithodomus) these organs are sim})ly deep invaginations

(otocrypts) of the superficial epithelium of the foot, and com-
municate with the exterior by a fine canal which opens on the
side of and in the dorsal region of the foot (Fig. 214, ot, 0.0)

:

this canal is closed in the adult Yoldia. In the adult Solenomya

the otocysts have disappeared. In Leda they each contain an
otolith, but in Nucula, Ana, and the Mytilidae they contain
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immei'ous irreguUirly-shaped auditory particles. In the rest of the

Lamellibranchia the otocysts are completely closed spherical cavities,

containing a number of auditory particles (otoconia) in the Fili-

branchia, but a single large otolith in the Eularaellibranchia and

Septil)ranchia, with the exception of Saxicam and the Anatinacea, in

which both otoconia and an otolith coexist in each otocyst. In

Ostraca both otoliths and otoconia appear to be absent.

The cavity of the otocyst is generally lined with ciliated cells

(Fig. 216, e), but cilia may be absent in forms which have otoliths.

The nerves supplying the otocysts do not originate from the pedal

ganglia, but are branches of the cerebro-pedal connectives (Fig. 214,

o.n), and their fibres can be traced back to the cerel^ral ganglia. As
regards the physiology of the otocysts, it has been shown that

Lamellibranchs

—

e.g. Anomia—are aljle to appreciate sounds trans-

mitted through the Avater.

Cephalic eyes in the adult state are found only in certain Fili-

branchia ; viz. in the Mytilidae and Avicula (Fig. 236, c). They are

situated at the bases of the first direct filaments of the inner gill-

plates, and each consists of a simple pigmented epithelial fossa which

contains a cuticular crystalline lens, but they do not seem to confer

any great sensibility on the species that possess them. Some other

Lamellibranchia have cephalic eyes during larval life : they are situ-

ated outside the velum, like the eyes of the larvae of Polyplacophora.

One may suppose that the mantle and the shell, which cover up the

whole of the body, render cephalic eyes of little use. Further, by

way of organic counterpoise one finds that the absence of cephalic

eyes is compensated by the development of analogous organs on the

only parts of the body that can be projected from the shell, that is

to say, on the edges of the mantle and the siphons. The most simple

arrangement consists in the presence of pigmented cells at the

extremities of the siphons or around the posterior pallial apertures,

the existence of such cells coinciding with an increased photodermatic

sensibility whether for both a sudden illumination and a sudden

obscuration as in Pholas, Lithodomiis, Madra helvacea, and Tellina

complanata ; or for a sudden obscuration only, as in Osfraea and

certain species of Cardium and Venus ; or for an increase of illumina-

tion, as in Lima and Psammohia respertina. As the result of

specialisation, pigment spots of this kind are transformed into

veritable eyes, situated on the projecting edges of the mantle and

siphons.

Pallial eyes arising in this manner are of several difterent kinds,

of Avhich the principal are those occurring in the Arcidae, Lima,

and the Pectinidae, SpomiyJus, and some species of Cardium.

In the greater number of Arcidae, namely, in the genus Area,

except A. diluni, and in r('ctunculii.<, the pallial eyes are but little

differentiated in structure, but are collected in groups ; that is to say.
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they are compouiKl or faceted eyes, each element of which is a

pigmented cell or ommatidium Avith a cuticnlar cornea. In Lima
excavata (L. hians and L. losconihii have no eyes) there are from
eighteen to tAventy-three eyes on the border of each mantle flap,

consisting of very deep pigmented fossae, at the bottom of each of

Avhich there is a layer of rods and a refractive body.

In Pedcii (Avith the exception of abyssal species) and Spondylus

the eyes have a more complicated structure : tliey are isolated and
alAvays in larger number on the left or superior than on the right

Fig. 217.

Sagittal section of the i)allial eye of J'ectev jmsio. c.n, complementary optic none; co,
cornea ; I, crystalline lens ; o.n, optic nerve ; o.p, optic jieduncle

; p.<; pif;inented epithelium ';

p.!, iiigmented layer ; re, retina ; r.n, retinal nerve ; ro, rods ; o, septum ; to, tapetum (After
Rawitz.)

or inferior mantle lobe, and they are of different sizes and irregularly

arranged. Each eye is borne on a short tentacle projecting from
the internal duplicature of the mantle Itorder (Fig. 235, e) and its

essential structure is that of a sul)-epithcliai ocular globe. The more
superficial moiety of the ocular Avail forms the retina in such fashion

that the transparent retinal elements have their free extremities
turned toAvards the interior of the globe (Fig. 217, re), and each is

capped by a cuticular rod. The deeper moiety of the ocular Avail,

as Avell as the part of the tentiicle surrounding it, is pigmented. In
the interior of the ocular cavity there is a refringent layer—the



240 THE LAMELLIBRANCHIA

tapetura—of cuticular or secretory origin, which gives the eyes of

Peden and Spondylus their brilliant lustre. The optic nerve arises

from the circumpallial nerve and subdivides : one of its branches

passes round the ocular globe to reach the retina. Between the eye

and the external corneal epithelium or pellucida there is a cellular

lens or conjunctiva, which is extra-ocular and consequently sub-

epithelial. In some cases the corneal epithelium itself is thickened

above the eye (Fig. 217, co).

In some species of Cardium—in C. rusticum, for example—the

siphons are the only parts of the animal which j^roject from the

bottom Avhen the animal is buried, and the tentacles surrounding

them are provided Avitli eyes whose structure is analogous to that of

the eyes of Peden ami Spondylus, Avith this difference, that in the

former the pigment is situated in the connective tissue surrounding

the ocular globe.

5. Generative Organs.—The sexes are separate in the Lamelli-

branchia in general, but the whole order of Anatinacea is herma-

phrodite, and also some small isolated groups, viz. the Cyrenidae, the

genera Poromya, Tridacna, Kellya, Lasaea, Entovalva, and S'doberetia

(the two last named being parasitic), and certain species of Peden,

Ostraea and Cardium, and Anodoida imhedlis. Sexual dimorphism is

recognisable only in certain species of Unio ( U. hatavus and U. tumidus)

and in Lampsilis, in which the female is rather broader than the male,

and in Astarte, in which the border of the shell is smooth in the male

h\xt crenelated in the female. In the genus Teredo there is hyper-

polygyny, the males being only in the proportion of 1 : 500 to the

females. There is never a copulatory organ, nor yet an accessory-

gland, unless perhaps in the male Cuspidaria. The gonads are

paired and symmetrical, superficially placed, and generally occupy

the most dorsal and posterior part of the visceral mass, often extend-

ing thence into the foot. They are united and communicate vnth

one another in Donax, Lasaea, Adacnarca, Chlainydocondta, Cuspidaria,

etc. In exceptional cases they extend into the mantle, either into

both lobes, as in all the Mytilidae except Dacrydiurn and some

species of Chama, or into one lobe only as in the Anomiidae. In

some genera of Lucinidae, e.g. Montacuta and A.xinus, the gonads,

together with parts of the liver lobes, project into the pallial cavity

in the form of arborescences. Each gonad is an acinous structure

and its caeca may be much ramified, for instance, in Ostraea.

In the most primitive arrangement there is no proper generative

aperture ; each gonad discharges its products into the reno-peri-

cardial duct, as may be seen in the Protobranchia {Soh-nomya, etc.)

;

but a secondary union between the reno-pericardial duct and the

external extremity of the postero-anterior branch of the kidney

allows the generative products to pass direct to the external renal

orifice (Fig. 213, IV, II). In many other forms the gonad still opens
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into the kidney of the same side, not near the pericardial orifice,

but nearer to the external aperture, r.g. in the Anomiidae and

Pectinidae, or close to the external orifice, as in Area. In other

cases the gonad and the kidney open together into a common slit or

cloaca (Ostraea, Cyclas, Fig. 218, g.o, and certain Lucinidae). Finally,

in those cases in which there is a separate generative aperture, it

may either be situated on a papilla common to it and to the renal

orifice {Mytilus edulis), or, as is most frequently the case, it may be

in the immediate neighbourhood of the renal orifice, and like it,

situated to the outside of the visceral commissure (Fig. 242, (6) y).

When normal hermaphroditism occurs in the Lamellibranchia,

it may exist in one of the following diflferent forms. In the first

each gonad is entirely hermaphrodite throughout its extent ; that

Fio. 21s.

Cjidas, left-side view, after removal of tlie left ijallial lobe, gill, and auricle, a.a, anterior

adductor ; a.o, auriculo-ventricular orifice ; a.r, anlrtrior foot retractor ; ((.«,-aiial siphon ; br.s,

branchial siphon;/, foot; g, right gill; g.o, genital orifice; t)i, intestine; !;, left kidney; I,

liver ; ov, ovary ; p.a, posterior adductor ; j).r, posterior foot retractor ; t, testis ; r, heart-

ventricle ; v.g, visceral ganglion and commissure (posterior part).

is to say, uniformly composed of acini capable of producing ova and
spermatozoa simultaneously or successively. This condition is

found in Ostraea edulis, 0. angasi, 0. plicata, 0. lurida (other species

of Ostraea, viz. 0. virginim, 0. glomerata, and 0. angulata are

dioecious), Kelhja, and Lasaeiu In the second form there are male
and female acini lying side by side throughout the whole extent of

the gonad, e.g. Tridacna, Cardiwia obhngum, and C. norvegicum. In

the third form the gonads are differentiated into regions of different

sex, the anterior region being male and the posterior female (Fig.

235, t, ov), but these are not separate from one another, and have a

common duct and a single orifice : this is the case in I'eden /lenna-

phroditus, P. 77ia.u7nus, P. jacobaeus, P. opcrcularis, P. glaher, P. irra-

dians, and P. fiexxiosus (P. iujlexxts and P. varius are dioecious). The
same arrangement is found in the Cyrenidae (Ci/das, etc.), in which,

16
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however, the male and female i)ortions of the gonad are not actually

contiguous, but are united hj^ a short canal (Fig. 218, t, ov), so that the

spermatozoa have to pass through the ovarian cavity before they are

? ^ I

Fig. 219.

Lyonda norvegim, left-side view after removal of left pallial lobe and left gill, a, anus ; a.a,

anterior adductor ; a.s, anal siphon ; b.o, bys^al oritice ; hr.n, branchial nerve; br.s, branchial

siphon ; f.o, female orifice ; g, gill (direct internal lamina)
;

g', reflected internal lamina of

the right gill ;
g", outer plate of the gill ; Lp, labial palp;; m.o, male oritice ; o, ovary ; p.a,

posterior adductor ;
p.o, pedal orilice of the mantle ; t, testis ; v.g, visceral ganglion.

eliminated. Finally, in the fourth mode, an ovary and a testis com-

pletely separated from one another exist on either side of the body,

each having its own proper duct and external orifice. This is the

case in all the genera forming the order Anatinacea and in Poromya

among the Septibrauchia. In these forms the ovary is dorsal and
posterior, the testis more anterior

and ventral (Fig. 219, to). The
male and female genital orifices of

the same side are contiguous ; they

open on a common papilla in the

Anatinacea, but the female aper-

ture is outside the visceral commis-

sure, and therefore in the normal

and original position of the Lamelli-

branch genital orifice, whereas the

male a})erture is within the visceral

commissure. In Poroviya the male

and female ducts of each side open

into a common orifice, external to

the visceral commissure. In all

these hermaphrodites the male

products are the first to ripen.

Accidental cases of hermaphro-

ditism have been met with in

dioecious Lamellibranchs {Mytilm,

Unionidae), and a unisexual individual of the normally hermaphro-

dite species Pecicn (jkher has also been described.

Fio. 220.

Pseudokdlya cartli/ormis, section of a part

of the ovary, le.f, follicular cells ;
jrl, ovular

follicle ; ov, ovarian egg.
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The testis of <a male or hermaphrodite is always readily recog-

nisable by its brilliant white colour ; on the other hand, the ovary

is often red (Madra, Donax, etc.). Tlie ovum is derived from a cell

of the ovarian epithelium, but in most cases the neighbouring cells

contribute to the formation of its vitellus {CycUu, etc.). The ovum
is surrounded by a vitelline membrane, Avhich is often fairly thick

(Unionidae, Anatinacea, etc.), and is only interrupted at the micro-

pyle, or point of attachment to the ovarian wall. It is at this point

that the spermatozoon effects an entrance. The vitelline membrane
disapjDcars after the first stages of segmentation, except in incubatory

forms. A true ovarian follicle, formed of a continuous and regular

envelope of epithelial cells, has been described only in Psciulokellya

(Fig. 220, fol).

_^/^' oui"

Fio. 221.

Pseudokellya cariliformis, Smith, left-side view (the left pallial lobe removed), ad', ad",
anterior and posterior adductor muscles; br, br', internal and external "gill -plates ; em,
embryos in the internal gill-jjlate ; o.a, anal orifice of the mantle ; o.?/, branchial oritice of the
mantle ; o.p, limits of the pedal orifice of the mantle

; p, foot
;

pal, labial palp ; rep, rep',

anterior and posterior foot-retractor.

III. Embryology.

Viviparous Lamellibranchs are unknown, but some few appear

to be viviparous because they are incubatory. This is the case in

some Filibranchia {Arai vivipara and Fhilobryo) and in many Eula-

mellibranchia, principally in the Submytilacea (certain species of

Ostraea, Condylocardia, Lasaea, Bornia, Scioberetia, Entavalva, Theailia,

Unionidae, Cyrenidae, Pseudokellya, Teredo, etc.). The ova then

are hatched aftei- their escape from the genital organs, but in the

greater number of incubatory forms they are retained for a

certain time, in some cases up to the time of hatching, in the inter-

lamellar branchial spaces. In certain Unionidae (Cusfalina, Arconaia,

Fseiulodon, etc.) and in Lasaea (Fig. 222) and Pseudokellya (Fig.

221, em) they are retained in the internal interlamellar space, as
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also in the Cyrenidae {Cyclas, etc.), in Avhich special pouches are

developed to contain the ova, the maturer ova being the more
anterior. In the Unioiiidae of the Old World and of North
America they are retained in the external interlamellar spaces, and
in other Unionidae (Quadnila, Schistodesma, Gibhomla, Cuneopsis) and
in Modiolaria in both the external and internal interlamellar spaces.

In some other Lamellibranchia, e.g. Osiraea edulis and other herma-

phrodite species of Ostraea such as 0. angasi and 0. lurida, and

Fig. 2-22.

Lasaea rubra, a transverse section through the posterior part of the body, showing embryos
in the s'Hs. ad', ad", anterior and jKisterior adductor muscles ; br, gill ; cae, caecum ; g.c,

cerebral ganglion: f?.!'?, visceral ganglion; hep, liver; in, intestine; ot, otocyst
; p, foot; "pa,

mantle ; puJ, labial palji ; st, stomach ; ri, vitellns.

in Unfovalva, the earlier stages of development are ]-»assed through
in the pallial cavity, outside the gills. In all other Lamellibranchia

the eggs are laid one by one, generally in the spring or summer
in temperate climates. In Kurula dclphinodonta they are collected

together in a mucous sac fixed to the posterior part of the shell,

and are there incubated.

Fertilisation may be effected externally to the maternal parent,

as, for instance, in Peden, the dioecious species of Osfmea, Modio-

laria, Dreisscnsia, Macira, PJioJa-f, etc., and in all these forms artificial

fertilisation is possible ; or it may be effected in the pallial cavity,
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in the cloacal or suprabranchial chamber, as iu Cardium and several

other inculpatory forms, or in the ovidnct itself in Osfraea edulis.

The formative pole of the ovum is opposite to the micropylar

end. The segmentation is unequal from the first cleavage onwards.

The macromere formed at the first cleavage is loaded with yolk

granules and remains single for a long time, but gives rise to the

three first groups of micromeres, which partly cover it as with a

cap (Fig. 9, C). Finally, the macromere divides to form the endo-

derm cells. The gastrula is rarely formed by invagination (Pisidium,

Kay Lankester), but in nearly all cases by epiboly, or sometimes

by a process midway between the two, in which there is at first

an epiboly resulting from the multiplication of the small ectodermic

cells surrounding the single macromere, and finally an invagination

after division of the macromere. This process is found in Ostraea,

Cyclas, and the Unionidae, and in the two last-named the segmenta-

tion cavity is very large and the enteron small (Fig. 227). The
blastopore remains open in some cases, e.g. in Ostraea, but closes in

C'ljdas, Pisidium, the Unionidae, Drcissensia, Teredo, etc. But the

mouth and oesophagus are soon formed by a secondary ectodermic

invagination at the point of closure of the blastopore. The yolk

remains in connection with the dorsal surface of the enteron and is

slowly absorbed. The endoderm gives rise to the stomach and the

two liver lobes and to the intestine ; the liver lobes often display

a marked asymmetry, the left lobe being larger than the right in

Mytilus, Dreifiseima, and Yoldia. The anal ectodermic invagination

placing the intestine in communication with the exterior is gener-

ally at the extreme posterior end of the embrj'O, is very short, and
very late in appearance. The mesoderm originates, at an early

period, from the most posterior of the four primary endoderm
cells ; the resulting mesomeres take up a position between the

ectoderm and endoderm in the form of two symmetrical mesoderm
bands.

In its general characters the development of the Lamelli-

branchia conforms to the type observed in the other classes of

the Mollusca, but a certain number of special features must be

noted. (1) The shell- gland makes its appearance at an early

period in the normal position ; that is to say, at the formative

pole, nearly opposite to the blastopore (Fig. 223, sJc). It is single,

like the shell-gland of all other Molluscs. During its extension it

gives rise to a saddle-shaped cuticular pellicle, which becomes
calcified at two symmetrical points, right and left of the middle

line. These two centres of calcification eventually form the two
valves of the shell, but, except in the Unionidae, they do not

develop as fast as the subjacent lobes of the mantle. The two
valves remain united by the median and dorsal part of the primitively

single shell, and the ligament is formed at this line of union.
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This condition is reached during the veliger stage ; the shell,

which is at first too small to contain the whole animal, is called

the 'prodissoconch, and is characterised by its two symmetrical

valves with a simple linear hinge. After this stage a sudden

E \

Development of Ostraea edulis. A, lilastula stage, witli commencing invagination at W, the
blastopore. B, optical section of a somewhat later stage, in which the invagination of the shell-

gland, sk, has commenced ; bl, blastopore ; ec, ectodenn ; en, endodorm. C, similar optical

section of a little later stage. The invagination connected with the blastopore is now more
contracted, '/ ; and cells, me, forming the mesoderm, are separated. I), similar section of a

latter stage (trochosphere) with closed blastopore W ; m, the mouth ; s, shell, on the surface of

the shell-gland «/;. K, surface view of an embryo at a i)eriod a little more advanced than D.
}'', the sami! embryo seen as a transparent object, c, anus ; c, intestine ; ft, foot ; m, mouth ;

kI.; shell-gland; .s7,stoM}ach ; /y), velar area of the i)rostomium. The extent of the shell and com-
mencing npgrowth of the niaiitleskirt is indicated by a line forming a curve from a to F. On
the dorsal side of the stomach is the anterior adductor mu.scle. (From 1-ankester, after Horst.)

change is effected in the secretory activity of the mantle, and

the embryonic shell or prodissoconch is often separated from the

rest of the shell by a more or less projecting ridge, indicating

this modification during growth (Fig. 196,^5). (2) The velum, which

serves as the larval swimming organ, is a circular outgrowth with
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a ciliated border, lying in front of the blastopore. It is never

lobed, and is often provided with a single central flagellum, e.(j.

in Yoldia (Fig. 225, ax), the Mytilidae, Dreissensm (Fig. 224, /),
Cardiicm, Montacuta, Entovalva, Madra, and Teredo, but there is no

flagellum in Peden, Ostraea, Avicrda, Pholas, Nucxda, and the

Unionidae ; it is very much reduced in the incubatory species and
quite nul in Pisidium. As will be explained further on, the velum
may be turned back in such a manner as to cover and adhere to

the whole body of the larva, thus giving rise to the "testaceous"

larvae peculiar to the Nuculidae. (3) In almost all Lamellibranchs

an important invagination is formed near the posterior extremity

of the foot: this is the byssogenous cavity (Fig. 224, hj), which is

'/^T—

r
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velum, at the base of the first internal branchial filament, but their

persistence lias not been demonstrated except in the Mytilidae and
Avicula (Fig. 236, e). On either side of the pedal centres an

ectodermic invagination gives rise to an otocj^'st ; the invagina-

tions close up in most cases, but remain open in Nucula and

Mytilus. The apical portion of the velar area gives rise to the

labial palps. (5) In all groups of the Lamellibranchia (Nuculidae,

JNIytilidae, Avicula, Odraea,Fig. 192, ^, Dreissensia, EntovaIva,Pisidium,

Anadonta, Fig. 228, br, etc.), the branchiae originate in the form of

filaments, which develop one by one from behind forwards, at the

posterior part of the body, on the right and left sides, between the

mantle and the visceral mass. The filaments of the internal gill-

plate are the first to be formed, afterwards those of the external

gill-plate : it is only at a late period that the filaments are reflected

and unite with one another. (6) Two larval kidneys have been

found in several groups (Dreissensia, Cijclas, Teredo), in the form of

small organs of ectodermic origin, situated on either side of the

anterior end of the lai"va, behind the velum, and opening to the

exterior by their hinder ends (Fig. 224, re). Each organ consists

of two cells {Dreissensia), of which one is deep and ciliated, the other

is tubular, with an intra-cellular canal leading from the flagellum of

the deeper cell to the external orifice. (7) In the trochosphere or

veliger larva provided with a bivalve shell, the anterior adductor

muscle is the first to be developed, as may be seen in Nucida, the

Mytilidae, Ostraea, Feden, Lasaea, Entovalva, Dreissensia, Pisidium,

the Unionidae, Cardium, etc. In considering the evolution of the

larva one must distinguish between two quite different modes
of development, one of which may be called the normal mode,

while the other is characterised by the parasitism of the larva

and subsequent metamorphoses (Unionidae). In the first mode
one may further distinguish a development through a veliger

larva, which occurs in most Lamellibranchs, and a development

through testaceous larvae, characteristic of the Nuculidae. In the

development with a veliger stage, the larva may be free, as is

the case in many marine forms and in the freshwater Dreissensia,

or it may be retained and incubated in the gills, as in Cyclas,

Kellya, Teredo, etc. When the larva leads a free existence its velum

is always rather prominent (Fig. 224, v), but when it is retained

and incubated by the parent the velum is reduced or sometimes

disappears altogether {Cyclas, Unionidae, Entovalva). "When the

velum is absorbed the foot becomes highly developed, even in

such forms as become sedentary and fixed in after life, such as

Pecten, Avicula, etc., unless indeed they attach themselves at a

very eai'ly period.

In the Nuculidae, which have test -larvae, we find that in

Yoldia and Nucula pj-oxima the ova are set free in the water
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and the larva is free-swinimiiig. But in Xucula delplilnodonta the

female constructs a thin-walled mucoid egg-case, attached to the

posterior portion of the shell and in communication with the

pallial chamber : into this case the ova are passed as soon as they

are laid, and undergo their development. In Yoldia and Nucula

proxima a gastrula is formed by epiboly and then the greater

part of the ectoderm gives rise to a " test," which is really a

ciliated velum formed in a normal position at the apical pole,

but reflected in such a manner as to completely cover the former

ectodermic surface of the body—viz. the shell-gland, etc.—leaving

only a small opening opi)osite to the apical plate, in which the

stomodaeum and eventually the proctodaeum are formed (Fig. 16).

The test consists of five rows of flattened cells, the three median

rows bearing circlets of long cilia (Fig. 225). A long ciliated

flagellum, like that of many Lamellibranch larvae, is borne in the

' \

Surface view of a forty-five hour embryo of Yohlia limatula. a.c, apical cilia ; U, blastopore ;

X, depression where the cells that form tlie cerebral ganglia come to the surface. (After Drew.

centre of the apical plate. "When the larval development is com-

pleted, the test, with its stalk and apical plate, is stripped off and
cast away within the space of a few minutes (Fig. 226) ; the apical

cilia shrivelling up and the test cells breaking apart and frequently

falling to pieces at once. In the larva of Numla ddphinodonta the

test is covered with short diffuse cilia, there is no flagellum, and

the disruption and casting off of the test occupies several hours,

the parts near the apical plate being the last to disappear. The
testaceous larvae of the Xuculidae should be compared with the

larvae of Dentaluim (Fig. 15) and of My-.omenia (Fig. 17).

A development with secondary metamorphosis, acquired in the

course of ontogeny, is peculiar to the Unionidae. In this family

the eggs are laid in spring or summer, and on leaving the genital

orifice pass into the interlamellar space of the internal gill-plate
;

thence into the interlamellar space of the outer gill-plate by way
of the posterior extremity of the gill, where the two spaces com-
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municate with one another behind the branchial axis. In the
European Unioniclae the eggs are incubated and pass through the
earlier stages of their development in the outer gill-plate (see above,

Fig. 226.

RecoiLstruction of an embryo nf Yoldia liinotula at a stage during "casting," represented as
.seen from the right side, with the right shell-valve and mantle lobe removed, a.a, anterior
adductor muscle; eg, cerebral ganglion;/, foot; g, rudiment of gill ; int, intestine; ot, oto-
eyst ; p.a, posterior adductor muscle

; p.g, pedal ganglion ; r, pouch that leads to the cerebral
ganglia ; i:l, right lobe of the digestive gland ; ><(?, stomodaeum ; t. adliering test cells of
velum ; v.g, visceral ganglion. (After Drew.)

p. 22G, for an account of the segmentation and endodermic invagi-

nation, Fig. 227, II). In Castalia, Arconaia, Pseudodon, etc., the eggs

are incubated in the internal gill-plate, and in Quadrula, ScJiisto-

desma, Gihhosida, and Cunropm both gill -plates are used for

incubation. The shell-gland, as soon as it is formed, produces a

shell which grows as fast as the mantle, and

is provided with a large anterior adductor

muscle (Fig. 227, I). A ciliated disc, corre-

sponding to the ciliated post-anal surface of

Dreisaeiisia (Fig. 224, p.a.c), is formed behind

the blastojwre and causes the embryo to

rotate in the egg-shell (Fig. 227). These

first ])hases of development take about two
months for their accomplishment, and in

European Unionidae the embryos hibernate
III, posterior ciliated shield

; jjj ^jjg intcrlamellar space without undergoing
IV, shell. (After Gotte.) '

.
o »

any appreciable structural modification. In

the following spring they arc hatched out, and escape through

the dorsal or anal pallial aperture in the form of a peculiar larva

Embyro o{ Jinulontit, left-

side view. I, anterior adduc-
tor muscle; 11, hlastoiioi
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called a " glochidium " (Fig. 228). This larva is characterised by

the possession of hooks in the middle of the lateral l)orders of its

valves and by its larval byssvxs—which is not homologous with that

of other Lamellibranchs. This byssus appears to issue from, but

in reality winds round, the adductor muscle, and originates from a

single glandulnr epithelial cell, deeply embedded in the tissues on

the dorsal and anterior side of the muscle. The glochidia .swim

actively by clapping together the valves of the shell, and eventually

attach themselves to the gills or fins of a fish, and become encysted

in conserjuence of a pathological development of the epithelium of

their host. This parasitic existence lasts for a period varying from
two to six Aveeks, during which the glocliidia are nourished by the

epidermic elements of their host, absorbing them by means of the

ectodermic cells of the embryonic mantle. During this time most of

the definite organs of the adult, the

foot, otocysts, gills, etc., which were
not required in larval life, are de-

veloped, largely as the result of the

proliferation of the cells of two sym-
metrical cavities situated behind the

adductor muscle. In a general way
the development of the organs follows

the normal course, but some— the

borders of the mantle, for instance

—

are formed anew. The glochiilium

shell is not cast of!" 1)ut jiersists, though
it undergoes a considerable ch;iiige

of shape. The posterior ciliated shield

and the byssus disappear. During the early part of the parasitic

life the mouth acquires an opening into the previously closed

cndodermic cavity or archenteron, but the anus is not formed till

Fio. 229.

Parasitic larva of Anodontu on the
figlilh day of para.silic lifo ; ventral view.
./', foot ; (J, Kill-lllaniRnts ; pa, now mantle ;

'it, otocyst. (After Scliii'dioltz.)
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the close of parasitic life, and its formation is not accompanied

by a sensible ectodermic invagination. When the young Unio quits

its host its evolution is not complete. The gills continue to grow
slowly, their external plates not being developed until the third

year, and sexual maturity is not attained until the fifth year, but

growth continues for some time after.

IV. Bionomics and Distribution.

All the Lamellibranchia are aquatic. The great majoritj^ are

marine, but some few families have penetrated into fresh waters.

All the members of the class feed upon microscopic organisms,

chiefly Diatomaceae and other low forms of plant life. Only the

Septibranchia and some other abyssal forms are truly carnivorous.

In general, the Lamellibranchs are burrowing forms, living

half-buried in muddy or sandy bottoms, and in this case their

plane of symmetry is vertical. But many forms are completely

sedentary and are fixed by the byssus, or in a more definitive

manner, by the shell itself, as is the case in S'po)>dylus, Ostraea,

Aetheria, Myochama, etc. In these genera the plane of symmetry
becomes horizontal, and the animal usually lies on the right side,

e.g. Pinna, Hinnites, Spondylns, Plicatiila, Anomia, and the Eudistae

;

more rarely on the left side as in Ostraea, Ilequienia, and Chama
generally. Some Lamellibranchs live in holes which they excavate

either in wood, as in the case of Teredo, or in stone, as Lifhodomus,

Saxicava, Pholas, Clavagellu, etc., or even in the shells of other

Molluscs. Lithodomns is only found in calcareous rocks, and bores

its hole by the aid of the acid secretion of glands situated in the

antero-dorsal and j)ostero-dorsal regions of the mantle.

Some Lamellibranchs, such as Lima, are nidamentous, and
constmict a nest by means of the byssus. Lima hians builds its

nest in the space of three Aveeks, and may afterwards return and
reconstruct another from it. Modiolaria marmorata and Entodesma

cunratum pass their existence deeply buried in the tests of

Ascidians, and Vidi<ella lives in a similar manner in sponges ; but

the few commensalistic or parasitic forms generally live on or in

Echinoderms : thus Monfacufa lives on Spatangids, Scioberetia in

the incubatory pouch of an Asterid, Entovalva in the oesophagus of

a Synapta. On the other hand, EjMppodonta is commensal with a

prawn, and certain species of Lepton with Gehia.

Only a few species ai'e very active : TcJUna, Voldia, etc., execute

leaping movements by forcibly contracting the foot ; Lasaea, Cyclas,

etc., crawl on immersed l)odies or on the surface of the water

;

other forms, notably the Pectinidac and Limidae, swim by rapidly

opening and closing the valves of the shell ; and some elongated

forms in which the mantle edges are fused for a considerable
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extent swim by forcibly expelling water from the posterior aperture

of the mantle (Solen, Solcnomya).

In point of size the Lamellibranchs vary from a length of a few

millimetres to more than seventy centimetres {Pinna and Tridacna,

some specimens of the latter genus weighing as much as 310 lbs.).

The fossil Hippurites attained to the length of a metre.

There are more than 5000 living species of Lamellibranchia, of

which 1000 are Unionidae. They are distributed all over the

world, and some marine forms extend to a depth of 2700 fathoms.

Fossil forms appear in the Cambrian, and become very numerous

in species from the Silurian onwards. Some large groups, such as

the Palaeoconcha of the primary and the Rudistae of the secondary

deposits, are quite extinct.

V. Review of the Orders and Fasiilies of Lajmellibranchia,

The classification of this homogeneous group has long presented

great difftculties, for the different organs or apparatus, such as shell,

muscles, siphons, etc., that have successively been employed as

bases of classification, have not given satisfactory results.

Ray Lankester was the first to suggest (in 1884) that the

structure of the gills might furnish characters of classificatory

value, and the present writer has constructed on this l)asis a

phylogenetic classification in which the class is divided into five

groups. This classification has put various families, such as the

Anomiidae, Trigoniidae, Dreissensiidae, etc., into their proper

places, and has been largely adopted. Objections to it have,

however, been raised, notably by Dall, who has urged that the

genera Euciroa (Anatinacea) and Callocardia (or Vesicomi/a,

Cyprinidae) have protobranchiate gills, and that the system of

classification according to branchial characters is consequently

without foundation. But the recent investigations of Ridewood,
undertaken at the instance of Ray Lankester, have shown that

it was the objections of Dall that ])ad no foundation : Euciroa and
Callocardia have typical eulamellibranohiate gills.

As the result of the advancement of our knowledge, the

classification of the Lamellibranchia founded on the structure of

the gills has been ameliorated by the suppression of the order
" Pseudolamellibranchia," and the two diphylctic sub-orders which
it included, tin; Pcctinacea and the Ostraeacea, may be respectively

located in the Filibranchia and the Eulamellibranchia, thus making
these two old-established orders correspond to the new orders

proposed by Ridewood under the names Eleutherorhabda and
Synaptorhabda.

On the other hand, the shell (and particularly its hinge) is the

only other organ that has been retained as a basis of the general
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classification of the Lamellibranchia, especially by palaeontologists,

and the subdivisions adopted in this system correspond more or

less with those based on the structure of the respiratory organs.

Thus the following are veiy nearly synonymous terms :

—

Prionodesmacea = Protobranchia + Filibranchia.

Teleodesmacea = Eulamellibranchia - Anatinacea.

Anomalodesmacea = Septibranchia + Anatinacea.

As regards the value of the last order, Septibranchia, in it the

characteristic organs that have given the name to the whole class

Lamelliliranchia are so profoundly modified, that they differ much

more from all the other different kinds of gills than the latter differ

from one another, and therefore, even if the Septibranchia should

not be placed in contrast to all other Lamellibranchia, they at

least constitute a group equivalent to the three other groups,

Protobranchia, Filibranchia, and Eulamellibranchia.

Thus the Laraellibranchs are divisible into these four orders.

It will be remarked that the numerous studies on the organisation

of Lamellibranchia made since 1891, have shown that there has

been a progressive evolution in each of these four orders, and that

consequently such important organs as the heart, kidneys, and

otocysts may exhibit marked differences in relatively nearly related

types, and that no strictly pure primitive types have been i-etained.

From the point of view of phylogeny the most archaic

Lamellibranchia are those in which the foot has a " plantar " ventral

surface like that of Gastropoda and PuJsellum among the Scaphopoda.

These archaic forms constitute the Protol)ranchia {SoUnomya, Fig.

230, Yoldia, Fig. 231, etc.), in which the gonads still retain openings

into the initial j6y pericardial portion of the kidneys, and the

branchial filaments are free and not reflected. From these Proto-

branchia are derived the Filibranchia, whose branchial filaments

are reflected, but are still devoid of vascular junctions : these in

turn have given rise to the Eulamellibranchia, -which are more

specialised in respect of the complication of the ctenidia. Finally,

eulamellibranchiate forms analogous to the Anatinacea represent

the source from which the Septibranchia have been derived.

Order 1. Protobranchia.

These are Lamellibranchia whose distinctive character is the

possession of gills with flat and non-reflected filaments disposed in

two rows on opposite sides of the branchial axis (Fig. 206, A, B).-

The mantle is provided with a hypobranchial gland lying on the

outer side of each gill. The foot has a plantar ventral surface (Fig.

230, /) and the byssogenous ap])aratus is but slightly developed.

The nervous system generally presents a distinct pair of pleural
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ganglia, and the otocysts are generally open. The gut may be pro-

vided -with a relic of the pharyngeal cavity, which in some cases is

furnished with two lateral glandular sacs. The auricles of the

heart are muscular ; the kidneys are rather simple in structure and

glandular throughout their extent. The sexes are separate : the

gonads have retained their primitive communications with the initial

or internal extremities of the kidneys, but as the two branches of

each kidney have acquired a secondary communication at their

anterior ends, the genital products pass direct to the external

orifice of the kidney by this passage (Fig. 213).

Fig. i'SO.

Adnlt sppcimen of Yoldxa limntula, represented as seen from Uie right side, and showing the
internal organs, a. a, anterior adductor nniscle ; a.f.m, anterior foot muscle ; ^.17, byssal gland ;

eg, cerebral ganglion; e.s, exlialant siphon;/, foot; g, gill; h, heart; int, intestine; i.s, in-

halant siphon ; l.p, labial fKilp ; ot, otocyst ; p.a, posterior adductor muscle ; pap, palp
appendage ;

p.e, posterior expansion of the margin of the mantle ; p.f.m, posterior foot muscle ;

p.g, pedal ganglion ; s.t, siphonal tentacle ; sto, stomach ; v.g, visceral ganglion. (Alter Drew.)

Famita' 1. SoLENOMYiDAE, Gray. Ill the gills one row of branchial

filaments is directed dorsally and the other ventrally (Fig. 231, <;). The
mantle has a long postero-ventral suture, and a single jiosterior orifice.

The labial palps of each side are fused together. The shell is elongate
;

the hinge has no teeth ; the periostracum is thick. Genus

—

Solcnomya,

Lamarck. Family 2. Nucdlidae, Gray. The labial palps free, very

broad and provided with a posterior appendage ; all the branchial

filaments are oriented transversely ; the shell has an angular dorsal

border and the hinge is pliodont ; the mantle is open throughout its

extent. Genera

—

Nuada, Lamarck ; the heart situated on tlie dorsal

side of the rectum. Acila, Adams (Cretaceous, Tertiary, and Recent).

Pronucula, Hedley. Family 3. Ledidae, Adams. The same characters

;i3 the Nuculidae, but the mantle has two posterior sutures and two
united siphons ; the heart traversed by the rectum. Genera

—

Leda,

Schumacher ; the mantle borders produced posteriorly into two lobes

which simulate a third siphon. Yoldia, Moller ; siphons elongate ;
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ligament internal (Figs. 200, 230). Malletia, Des Moulins ; the ligament

external. Nucidina, d'Orbigny. Family 4. Ctenodontidae, Wohr-
mann. An extinct family from the Silurian ; the shell is nuculiforni

and the hinge presents an uninterrupted arcuate row of teeth. Genera

—

Ctenodonta, Salter. Cuculella, Fischer. Cardiolaria, Meunier-Chalmas.

The fossil group Palaeoconcha, Neumayr, is connected with the

Protobranchia through the Solenomyidae. It contains the following

families, all of which are extinct :

—

Family 1. Praecardiidae, Neumayr
Shell equivalve, with the hinge dentition of Area. Genus

—

Praecardium,

Barrande ; from the Silurian and Devonian. Family 2. Antipleuridae,
Neumayr. Shell inequivalve ; the hinge with an obscure resemblance to

that of Area. Genus— Antipleura, Barrande; from the Silurian.

Family 3. Cardiolidae, Neumayr. Shell equi valve and ventricose ; the

hinge without teeth. Genus

—

Cardiola, Broderip ; from the Silurian and
Devonian. Family 4. Grammysiidae, Fischer. Shell thin, equivalve,

Fig. -231.

Soletwmya togata, Poll, left-side view (the left pallial lobe and gill cut away), a, anus ; ad',

ad", anterior and posterior adductor ; ao, aorta ; a.or, anal oritice of the mantle ; an, heart-
auricle ; eg, cerebral ganglion

; /, foot ; f.e, foot elevator
; f.p, foot protractor

;
//•', //", anterior

and posterior foot retractor
; g, right gill ; hy.ij, hypobranchial gUuid ; k, kidney ; m, mouth ;

pa, mantle
;
pe, pericardium

; p.g, pedal ganglion
;
p.l, palp appendage

; pL*/, pleural ganglion ;

r.o, renal opening ; st, stomach ; v, heart-ventricle ; vi.c, visceral commissure ; vi.g, visceral
ganglion.

oval, or elongate, the cardinal border thickened but without teeth.

Genera— Grammysia, Verneuil ; from the Silurian and Devonian.

Frotomya, Hall, from the Devonian. Cardiomorplui, de Koninck ; from

the Silurian to the Carboniferous. Family 5. Vlastidae, Neumayi-.

Shell thin, very inequivalve, the hinge without teeth. Genus

—

Vlasta,

Barrande ; from the Silurian. Family 6. Solenopsidae, Neumayr. Shell

equivalve, thin, greatly elongated, the umbones very far forward.

Genus

—

Solenoj^sis, MacCoy, from the Devonian to the Trias.

Order 2. Filibranchia.

These are Lamellibranchs whose main character is the possession

of gills formed of parallel, ventrally directed, and reHectetl filaments.

The successive filaments are joined together by cilia disposed in

"ciliated discs" (Figs. 210, A; 232, i.f.j). The foot is generally
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provided Avith <a highly developed byssogenous apparatus. The
order comprises five sub-orders—the Auomiacea, Arcacea, Wytilacea,

Pectinacea, Dimyacea.

Sub-Order 1. Axomiacea.

Very asymmetrical animals with a single large posterior adductor

muscle. The heart is not contained in the pericardium, lies dorsad of the

r^}^f€\r^.r^^y%.

A portion of the gill of Mutilux, showiiij,' the filaments ; tlie median part is cut out. a.b.r,
afferent branchial ves.sel ; e.h.v, efferent branchial vessel ; i.f.j, intertilanientarciliifted junction
i.l.j, interlamellar connective tissue junction. (After Honnet.)

rectum, projects into the pallial cavity, and gives off a single and anterior

aorta. The reflected borders of the inner gill-plates of either side are

fused together in the middle line. The gonads open into the kidneys,

and the right gonad extends into the mantle. The shell is thin and the

animal fixed.

Family Anomiidae, Adams. Foot small. The inferior (right) valve

of the adult is perforated to admit of the passage of the byssus. Genera—Anomia, Linnaeus ; byssus large and calcified ; British. Placuna,

Bruguiere ; byssus atrophied in the adult. Hypolrema, d'Orbigny.

Carolia, Cantraine. Ephipjnum, Bolten. Placunanomia, Broderip.

17
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Sub-Order 2. Arcacea.

Symmetrical animals, witli the mantle open throughout its extent,

and with generally well -developed anterior and posterior adductor

muscles. The heart lies in tlie pericardium and gives oflf two aortae.

The gills are free and without interlaniellar junctions. The renal and
genital orifices are separate.

Family 1. Arcidae, Gray. The borders of the mantle bear com-

pound pallial eyes. The labial palps are direct continuations of the lips

(Fig. 199). The hinge is "pliodont," that is to say, it has numerous
teeth on either side of the umbones, and the teeth are perpendicular to

the edge. Genera

—

Arca^ Linnaeus ; foot byssiferous ; heart above the

rectum ; hinge straight (Figs. 188, 199) ; British. Pedunculus, Lamarck
;

foot without byssus, but with a plantar surface ; the heart traversed by
the rectum ; the hinge curved ; British (Fig. 193, A). Scaphula, Benson

;

from fresh water ; India. Anjina, Gray. Bathyarca, Kobelt. Barbatia,

Gray. Senilia, Gray. Anadara, Gray. Adacnarca, Pelseneer. Family 2.

Parallelodontidae, Dall. The shell of Area, but with the posterior

hinge teeth elongated and parallel to the cardinal border. Genera

—

Gucullaea, Lamarck ; recent and fossil from the Jurassic. All the other

genera are fossil, e.g. Parallelodon, Meek and Worthen ; from the Devonian

to the Tertiary. Carhonaria, Meek and "Worthen ; from the Carboniferous,

etc. Family 3. Limopsidae, Dall. Shell sub-orbicular, the hinge curved,

the ligament simple with the trans-

verse axis longer than the longitudinal

;

foot elongate, pointed anteriorly and
posteriorly. Genera

—

Limoims, Sassi

;

shell covered with a hairy epidermis

;

the anterior adductor frequently much
reduced (Fig. 233). Trinacria, Mayer

;

from the Tertiary. Family 4. Philo-

BRYiDAE, Bernard. The animal, like

that of Limoiisis, without an anterior

adductor muscle ; the shell thin, very

inequilateral, the anterior part atro-

phied, the umbones projecting and

formed by the prodissoconch. Genera—Philobrya, Carpenter (Figs. 196,

234). Family 5. Cyrtodontidae,

Wohrmann. An extinct family with

equivalve short, convex and

aa,

Via. 233.

lAmopsis longipUosa, Pels., interior aspect
of the right valve, a. a, anterior adductor
impression ; /, ligainentar fossa ; p.a, pos-

terior adductor impression; t, liinge-tootli.

an equivalve short, convex

inequilateral shell, the anterior side of which is short ; the hinge teeth

obli(|ue or horizontal. Genera — Cijrtodonta, Billings ; Silurian and

Devonian. Cypricardites, Conrad ; Silurian. Vaimxemia, Billings ;

Silurian. Family 6. Trigoniidae, Fleming. Foot elongated, pointed

in front and behind, the ventral border sharp. The Ijyssogenous

apparatus atroi)hied and devoid of a byssus. The labial palps distinct

from the lips. Shell thick. Hinge with striated teeth. Genei'a—
Triyonia, Bruguiere ; shell sub-triangular, the umbones directed back-
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wards. This genus was very abundant in the Secondary epoch, particularly

in Jurassic seas. There are six living species, all of which live in

Australian seas. The animal of Trigonia was first found by Quoy and

Gaiuiard in 1827. Schizodus,

King ; from the Permian. Mijo-

phoria, Bronn ; from the Trias.

Family 7. Lyrodesmidae,
Ulrich. Shell inequilateral, the

posterior side being the shorter.

The hinge short, bearing teeth

disposed in the shape of a fan.

An extinct family, from the

Silurian. Genus— Lyrodesma,

Conrad.

Sub-Order 3. Mytilacea.

Syimnetrical Lamellibranchia

in which the anterior adductor

muscle is always less developed

than the posterior (the "aniso-

FiG. 234.

I'hilohrya s^Maevi-^, Pels., viewed from the left

side ; the left pallial lobe removed, ad", posterior
adductor muscle ; an, anus ; an, auricle of the

„ T,- \ • 1 - heart: br, sill; hr.s, Ijrancliial axis; bii, byssus

;

myarian condition) or is absent gig^^^ gonad ; n.pa, pallial nerve
; p, foot ; pa,

(Fi" 193 BCD E). The mantle ; pa^, labial palp; re.p, re.p', anterior and
,

°'
. ' ' „. ' '1 posterior retractor muscles of the foot ; st,

heart gives oft a single vessel stomach ; l'e?^, ventricle of the heart.

only, the anterior aorta. The
gills are smooth, the gill- filaments all alike and provided with inter-

lamellar junctions. The gonads generally extend into the mantle and

open at the sides of the kidneys. The foot is linguiform and byssiferous.

Family 1. Mytilidae, d'Orbigny. Shell inequilateral, the anterior

.«ide being short ; the hinge without teeth ; the ligament external. The
mantle has a posterior suture. Cephalic eyes present. Genera

—

Mytiius,

Linnaeus ; the shell with terminal umbones ; British. Modiola, Lamarck
;

the umbones behind the anterior extremity ; British. LitJwdomiis, Ciivier
;

the shell subcylimlrical, adapted to boring. Modiularia, Loven
;
posterior

jiallial orifice provided with an elongated siphon ; anterior adductor

fairly high ; British. CreneMa, Brown. Stavelia, Gray. Dacrydium,

Torell. Myrina, Adams. Idas, Jeffreys. Septifer, Recluz. Family 2.

MoDiOLOPSiDAE, Fisclier. Shell elongate, thin, inequilateral, enlarged

posteriorly ; the ligament external ; the adductor muscles subequal. An
extinct family from the Silurian to the Cretaceous. Genera

—

Modiolopsis,

Hall ; from the Silurian. Modioniorpha, Hall ; from the Devonian.

M>foco)icha, Sowerby ; from the Carboniferous to the Cretaceous. Family
3. Perxidae, Fleming. Mantle open throughout. No anterior adductor

muscle. Shell very inequilateral ; the ligament multiple and lodged in a

series of vertical fossae. Genera

—

Perna, Bruguit're. Shell sub-quad-

rangular, the right valve notched for the passage of the byssus
;

gills free

posteriorly. Crenatida, Lamarck ; shell thin, fiattened, irregular, without

a byssal notch ; inhabits sponges. Bakewellia, King ; fossil from the

Permian. Gervilleia, Defrance ; fossil from the Trias to the Eocene.
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Odonto2Jerna, Frecli ; fossil from the Trias. Inoceramus, Sowerby ; fossil

from the Jurassic to the Cretaceous.

Sub-Order 4. Pectinacea.

Lamellibrauchia with an open mantle and devoid of an anterior

adductor muscle. The gills are folded, and the filaments at the summits

and bottoms of the folds are different from the others. The gonads are

contained in the visceral mass and generally open into the kidneys.

Foot usually rudimentary.

Pecten, jacohaeus, ventral aspect, c, amis ; e, pallial eyes;/, foot; g, gill; h.a, posterior

adductoi- ; i, intestine ; /, lips ; l.p, labial palps ; m, month ; or, ovary ; pa, mantle (reflected

edge) ;
p.c, pallial cavity : sh, shell ; t, testis. (After Poli.)

V

Family 1. Vulsellidae, Adams. Mantle open ; foot without byssus ;

the shell high and the hinge without teeth. Genus

—

Vulsella, Lamarck.

Family 2. Aviculidae, Swainson. Foot provided with a very stout

byssus (Fig. 236). The gills fused to the mantle ; shell very inequilateral
;

the cardinal border straight, provided with two auriculae, of which the

posterior is the longer. Genera

—

Avicnla, Bruguiere ; the auriculae of

the shell very prominent ; heart attached to the ventral face of the

rectum ; British ; fossil from the Devonian to the present day.

Meleafirina, Lamarck ; shell sub-quadrangular, the auriculae not very

prominent. A species of this genus, Meleagriiia margaritifera, from

the Indian Ocean, Persian Gulf, etc., forms precious pearls. Malleus,

Lamarck ; shell irregular, high and narrow, with broad subequal

auriculae. The following genera are exclusively fossil :

—

Limopteria,
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Hall ; Devonian and Carboniferous. P^eudomonotis, Beyrick ; Devonian
and Cretaceous. Cassianella, Bej-rich ; Trias. Monotis, Bronn ; Trias.

Jiaonella, Mojsisovics ; Trias. Posidonomya, Bronn ; Silurian to Jurassic.

Family 3. Prasixidae, Stoliczka. Shell inequilateral with anterior

unibones, and a jirominent anterior auricula ; the dorsal border arched
;

the hinge with a single fossa and a single tubfercule on each valve.

Genus

—

Prasina, Deshayes. Family 4. Pterixeipae, Goldfuss. Shell

thick, very inequilateral ; the cardinal border straight, with two auriculae

and a notch for the byssus under the right anterior auricula ; an extinct

family from the Palaeozoic. Genera

—

Pterinea, Goldfuss ; Silurian to

Carboniferous. Ehombopteria, Jackson ; Silurian. Actinodesma, Sand-

Fio '230.

Avicula tarcntina, Lamarck, from below, n, aims ; ad, adductor muscle ; h.gr, byssal groove
of the foot ; by, byssus ; e, eye ; /, foot ; g, gill ; l.p, labial palp ; m, mouth

; pa, mantle ; sh,

shell ; vi.c, visceral commissure ; vi.g, visceral ganglion. (After Poll.)

berger ; Devonian.' • Family 5. Ldnulicardiidae, Fischer. Shell thin,

triangular, very inequilateral, the anterior end truncated ; the umbones
terminal ; the cardinal border straight ; without hinge teeth. An
extinct family from the Silurian and Devonian. Genera

—

Lunuli-

cardium, Munster ; Silurian and Devonian. Patrocardium, Fischer

;

Silurian. Pabinha, Barrande ; Silurian. Family 6. Conocahdiidae,
Neumayr. Shell thick, subtriangular, the anterior side truncated and
gaping ; cardinal border straight and i)rolonged into two auriculae of

which the anterior is very long and narrow ; hinge with a lateral tooth

and a reduced cardinal tooth. Dimyarian. An extinct family from the

Palaeozoic. Genus

—

Conocardium, Bronn ; Silurian to Carboniferous.

Family 7. Ambonychiidae, Miller. Shell inequilateral, without an
anterior auricula, the umbones anterior and terminal ; hinge with two
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cardinal teeth and two posterior oblique lateral teeth. Dimyarian, the

anterior adductor being very small. An extinct family from the Silurian

and Devonian. Genera

—

Amhonychia, Hall ; Silurian. Byssonychia,

Ulrich ; Silurian. Gosseleiia, Barrois ; Devonian. Clionychia, Ulrich
;

Silurian. Family 8. Myalinidae, Freeh. Shell very inequilateral, the

posterior part greatly enlarged ; the umbones anterior or terminal ; the

hinge straight, vs^ithout teeth ; adductors subequal. An extinct family

from the Silurian to the Cretaceous. Genera

—

Myalina, de Koninck
;

Silurian and Devonian. Hoplomytilus, Saiidberger ; Devonian. Ptyclw-

desma, Hall ; Devonian. Antliracoptera, Salter ; Carboniferous. Per-

gaviidea, Bittner ; Trias. Mysidea, Bittner ; Trias. Aticella, Kyser

;

Jurassic and Cretaceous. Family 9. Amussiidae, Ridewood. Gills -with-

out interlamellar junctions. Shell orbicular, smooth externally, with

radiating costae internally. Genus

—

Amussium, Klein. Family 10.

Spondylidae, Fleming. Shell very inequivalve, fixed by the right valve,

which is larger than the left. The ligament elongated in a transverse

direction. No byssus. Genera

—

Sjiondylus, Linnaeus ; shell with spiny

ribs, and adherent by the spines. Plicatula, Lamarck ; shell folded,

adherent by the umbo of the right valve. Family 11. Pectinidae,

Lamarck. Shell ornamented with radiating ribs ; the dorsal border

provided with two auriculae. Foot byssiferous. Mantle borders pro-

vided with eyes (Fig. 235). Genera

—

Peden, Lamarck ; shell orbicular,

with equal auriculae ; without a byt^sal sinus ; British. Chlamys, Bolten
;

shell higher than it is long ; the anterior auricula the larger, and pro-

vided with a byssal sinus ; British. Pedum, Bruguiere. Hinnites,

Defrance. Pseudamussium, Adams. Cam])tonectes, Agassiz. HijaloiKcten,

Verrill ; abyssal.

Sub-Order 5. Dimyacea.

Dimyarian Lamellibranchia with an orbicular and almost equilateral

shell ; adherent ; the hinge without teeth and the ligament internal.

Gills with free non-reflected filaments.

Family Dimyidae, Dall ; with the characters of the sub-order.

Genus

—

Diviya, Ronault ; recent, in abyssal depths, and fossil since the

Jurassic.

Order 3. Eulamellibrancliia. r-

Lamellibranchia in Avhich the edges of the mantle are generally

united l^y one or t\vo sutures (Figs. 221, 241, etc.). Two adductor

muscles are usually present (Figs. 238, 241, 242, etc.). In the gills

the branchial filaments are luiited at regular interA'als b}' vascular

junctions which transform the linear interfilamentar spaces into a

series of fenestrae (Fig. 237). Similarly tlie lamellae of each gill-

plate have vascular junctions which form afferent vessels in the

interior of the plates. The gonads always have their own proper

external orifices. The order comprises the following nine sub-orders :

—Ostraeacea, Submytilacea, Tellinacea, Veneracea, Cardiacea,

Chamacea, Myacea, Adesmacea, Anatinacea.
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Sub-Order 1. Ostraeacea.

Monomyarian Eulamellibrancbia, or with a very small anterior

adductor muscle. The mantle is open ; the foot rather small ; the

branchiae folded ; the shell inequivalve.

Family 1. Limidae, D'Orbigny. Foot digitiform, with a bysso-

genous apparatus. Borders of the mantle provided with long and

numerous tentacles. Gills not united with the mantle. Shell pro-

vided with auriculae. Genera

—

Lima, Bruguiere ; the individuals of

this genus form a sort of nest by means of the byssus, or swim by

A portion of the gill of I'emis. e.h.v, efferent br.uuliial vessel; g.f, cill filaments; g.v,

afferent branchial vessels. (After Bonnet.)

clapping the valves of the shell together. Limaea, Bronn. Family 2.

OsTREiDAE, Gray. Foot much reduced and devoid of a byssus. Heart

generally on the ventral side of the rectum. The gills fused to the

mantle. Shell irregular, fixed by the left and larger valve. Genera

—

Odraea, Linnaeus ; foot absent in the adult ; eatable and cultivated for

commerce ; some species, such as the British U. etlulis, are liermaphroditc.

Family 3. Eligmidae, Gill. Shell thick, inequilateral, the anterior side

being the shorter. Monomyarian, with the muscular impression on a

prominent myophorous apophysis. Genus

—

Eliijnnis, Deslongchamps
;

an extinct genus from the Jurassic. Family 4. Pinnitiae, Meek.

Shell elongated. Dimyarian, with a very small anterior adductor
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muscle. Shell truncated and gaping posteriox'ly. Foot byssiferous.

Genera

—

Pinria, Linnaeus ; heart traversed by the intestine ; anus pro-

jecting and appendiculated. Cyrtojnnna, Murch. Aviculopintm, Meek
;

fossil from the Carboniferous and Permian. Pinnigena, de Saussure
;

fossil from the Jurassic and Cretaceous. Atrina, Gray ; from the Car-

boniferous to the present day.

Sub-Order 2. Submytilacea.

Eulamellibranchia in which the mantle is only slightly closed

;

generally there is only a single suture. Siphons absent or very short.

Gills smooth. Nearly always dimyarian. Shell equivalve, with an

external ligament.

Family 1. Dreissensiidae, Gray. Two pallial sutures and two

.short siphons
;
pedal orifice short. Foot cylindrical with a stout byssus.

Shell elongated ; the hinge without teeth ; the summits of the valves

with an internal septum. Genus

—

Dreissensia, van Beneden ; an in-

habitant of fresh water, but originated from the Caspian Sea ; acclimatised

in England about 1824. Family 2. Modiolarcidae, Gray. Mantle

with two sutures. The foot byssiferous, with a plantar surface and a

glandular cavity in front of the byssogenous cavity. The two branchial

plates serve as incubatory pouches. Genus

—

Modiolarca, Gray ; sub-

antarctic (Fig. 241). Family 3. Astartidae, d'Orbigny. A single

pallial suture. Foot elongate, without a byssus. Shell concentrically

striated ; the ligament external. Genera

—

Astarte. Sowerby ; British.

Woodia, Deshayes. 02ns, Defrance ; fossil from the Secondary. Pro-

socoelus, Keferstein ; fossil from the Devonian. Family 4. Crassatellidae,

Gray. Mantle with a single suture ; foot short. Shell thick with

concentric striae ; the ligament external. Genera

—

CrassateUa, Lamarck.

Cuna, Hedley. Family 5. Carditidae, Ferussac. Mantle with a single

pallial suture ; foot carinated, often byssiferous
;

palps short. Shell

thick with radiating costae ; the ligament external. Genera

—

Cardita,

Bruguiere. Thecalia, Adams. Milneria, Dall ; incubatory, California.

Vcnericardia, Lamarck. Family 6. Condylocardiidae, Bernard. Dis-

tinguished from the family Carditidae by the presence of an external

ligament. Genera

—

Condylocardia, Bernard. Carditella, Smith. Cardi-

topsis, Smith. Family 7. Cyprinidae, d'Orbigny. Mantle open in

front, and with two pallial sutures. The branchial and anal orifices

papillose, the latter projecting. External gill -plates smaller than the

internal. Genera

—

C'fprina, Lamarck ; British. Cypricardia, Lamarck.

Coralliophaya, de Blainville. Plenrophorus, King : fossil from the

Devonian to the Trias. Anisocardia, Munier-Chalmas ; fossil from

the Jurassic to the Tertiary. Veniella, iitoliczka ; fossil from the Cre-

taceous to the Tertiary. Family 8. Isocardiidae, Gray. Mantle

largely closed, the pedal orifice generally small ; the anal and branchial

orifices sessile
;
gill-plates of equal size ; foot short. Shell globular with

prominent and coiled umbones. Gunus

—

hocardia, Lamarck ; British.

Family 9. Callocardiidae, Dall. The anal and branchial orifices of

the mantle provided with siphons. The external gill-plate smaller than

the internal. Shell ventricose, Ijut elongated ; the umbones not promi-



THE LAMELLIBRANCHIA 265

nent. Genus

—

Callorardia, Adams; abyssal. Family 10. Lucinidae,

d'Orbigny. The anal orifice of the mantle sometimes produced into a

siphon. Anterior adductor muscle within the pallial line. Labial palps

very small. Gills without an external plate. Shell rather thin. Genera
—Lucina, Bruguiere ; mantle with two sutures ; visceral mass smooth

;

foot vermiform ; British. Montacuta, Turton ; shell with a single suture,

foot short, byssiferous ; visceral mass with arborescent projections

;

British. Cryptodon, Turton ; mantle with a single aperture ; foot short

;

visceral mass smooth. Family 1 1 . Corbidae, Dall. Shell thick with

denticulated borders. The anal orifice jirovided with a valve, but not

with a siphon. Foot elongated

and pointed. Genera— Corbis,

Cuvier. Gonodon, Schafhiiutl
;

fossil from the Trias and Juras-

sic. Mutiella, Stoliczka ; fossil

from the superior Cretaceous.

Family 12. Ungulinidae,
Adams. Mantle without siphons

;

the jjedal orifice long. Foot

greatly elongated, vermiform,

ending in a glandular enlarge-

ment (Fig. 238, III). Anterior

adductor muscle in contact with

the pallial line. Gills with two
plates ; labial palps small. Marine.

Genera — Ungulina, Daudin
;

mantle with a single suture ; vis-

ceral mass smooth

Bronu ; mantle with two sutures
;

British. Axinus, Sowerby ; mantle

with a single suture ; visceral mass

with arborescent excrescences (Fig.

238); British. Family 13. Cyrenelmdae, Fischer. Mantle provided

with two elongated, united, non-retractile siphons. Two gill-plates to

each gill ; labial palps elongated. Inhabitants of fresh water. Genera

—

Deshayes. Joanisiella, Dall. Family 14. Tancrediidae,
Shell elongate, sub-triangular ; the ligament external. Hinge
cardinal teeth on the right and one or two on the left valve.

Posterior lateral teeth stout. An extinct family ranging from the Trias

to the Cretaceous. Genera

—

Tancrcdia, Lycett ; Trias to Cretaceous.

Meekia, Gabb ; Cretaceous. Family 15. Unicardiidae, Fischer. Shell

sub-orbicular, more or less ventricose, nearly equilateral, with concentric

striae
;
pallial line simple ; hinge with a single cardinal tooth on each

valve. An extinct family ranging from the Carboniferous to the Cre-

taceous. Genera

—

Unicardium, il'Orbigny ; Trias to Cretaceous. Scaldia,

de Ryckholt ; Carboniferous. Paeudedmondia, Fischer ; Carboniferous.

Family 16. Leptonidae, Gray. Shell thin, not covered by the mantle

and not gaping. Mantle without siphons
;

gills with two gill-plates ; foot

long and byssiferou.s. Marine, hermaphrodite and incubatory animals.

Fig. 23S.

Axinus flcxuo.-<us, Montagu, viewed from the left

Diplodontci. side. I, anterior adductor muscle ; II, glandular
portion of the mantle ; III, foot; IV, gonad pro-
jecting into the pallial cavity ; V, internal plat«
of the gill: VII, posterior adductor muscle ; VIII,
rectum; IX, posterior retractor of the foot; X,
auteiior retractor of the foot.

Cyrentila,

Fischer,

with two
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Genera

—

Kelhja, Turton ; mantle with two sutures and three orifices, the

pedal orifice being the middle and not the anterior of the three (Fig. 187) ;

foot linguiform ; the external gill-plate with a reflected lamella ; British.

Lepton, Turton; mantle with a single suture ; the mantle edges provided

with tentacles ; foot with a plantar ventral surface ; commensal ; British.

Lasaea, Leach ; a single pallial suture ; the foot linguiform and elongated;

the external gill-plate not reflected (Fig. 206, G) ; British. Erycina,

Lamarck ; fossil from the Tertiary. Fythina, Hinds. Scacchia, Philippi.

Sportella, Deshayes. Cyamium, Philippi. Family 17. Galeommidae,

Gray. Mantle more or less completely reflected over the shell Foot

well developed, generally byssiferous. Shell thin, gaping ; the adductor

muscles much reduced. Genera

—

Galeoinma, Turton ; shell incompletely

covered by the mantle ; a single pallial suture ; a large azygos anterior

pallial tentacle, and a short anal siphon present. A byssal groove in the

ioot ; British. Scintilla, Deshayes. Hindsiella, Stoliczka. Ejihippo-

donta, Tate ; shell internal ; a single pallial suture
;

gills with two gill-

plates ; commensal with the shrimp
Axius ; Australian. The three following

genera with an internal .shell probably

Ijelong to this family :

—

Chlamydoconcha,

Dall ; two gill-plates ; a pallial suture ;

an anterior orifice leading into a caecum ;

no adductor muscles ; sexes separate ;

from Calitbrnia (Fig. 239). Scioberetia,

Bernard
;

gills with a single gill-plate
;

a single pallial suture ; i'oot large, elon-

gated, with a byssal groove ; hermaphro-

dite and commensal with a Spatangid,

Triphyhis ; from Cape Horn. Entovalva,

Voeltzkow (Fig. 240) ; mantle fairly

open, with a single suture ; foot large,

with a posterior pore ; hermaphrodite

and incubatory; endoparasitic in Synapta

( = Symipticola, Malard), Madagascar and
Atlantic. Family 18. Kellyellidae,

Fischer. Mantle with a single pallial

suture ; anal orifice with a very ^lort

siplicju ; foot elongated
;

gills with two

unecpial plates. Shell ovoid ; the liga-

ment external ; the anterior lateral

hinge tooth below the cardinal tooth.

Genera— Kellyelhi, Sars. Turtonia,

Forbes and Hanley ; British. Allopcajux, Stolicz'kix ; fossil from the Eocene.

Lutetia, Deshayes ; fossil from the Eocene. Family 19. Cyrenidae,

Gray. Mantle with two siphons, which are more or less intimately united

together and have papillose orifices. The sexes separate. Shell with

external ligament; the pallial line usually with a sinus. Freshwater

forms. Geneia

—

Cyrena, Lamarck. Corbicula, !Megerle. Batissa, Giay.

Velorita, Gray. Galatea, Bruguiere. Fischeria, Bernardi. Family 20.

Via. 239.

Chlamydoconcha orciitti, DalL .<4, dor-

sal aspect ; li, left-side view, a.o, anal

orifice; c.o, caecal orifice; /, foot; pc,

mantle. (After Bernard.)
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Cycladidae, Clark. Mantle with one siphon or with two free siphons,

which have simple orifices. Hermaphrodite ; the embryos incubated in

the external gill-plate. Shell with a simple pallial line. Freshwater.

Genera

—

C'lidas, BTUgwieTe { = Sjihaeruim) ; two siphons ; British (Fig. 218).

Pts2(/iH7H, Pfeiffer ; a single anal siphon ; British. Family 21. Rangiidae.

Mantle with two short siphons united at their bases, and with papillose

orifices. Foot linguiform. Shell with prominent umbones and an

internal ligament. Genus

—

Itajifjia, Desmoulins ; from brackish water

in Florida. Family 22. Cardiniidae, Zittel. Shell elongated, inequi-

lateral, the posterior side being the longer ; the ligament external ; the

pallial line simple ; dimyarian. An extinct family, ranging from the

Fio. 240.

I-:ntovalv(t, left-side view, a, anus ; eg, cerebral ganglion
; f.gl, foot-gland ; g.gl, gonad ; i.c,

incubaton,' chamber; in, intestine; /, liver; 711, nioiith
;

/w, mantle; sh, shell. (After
Voeltzkow.)

Devonian to the Cretaceous. Genera

—

Cardima, Agassiz ; Trias and
Jurassic. Anthracosia, Kin'^ ; Carboniferous and Permian. Anoplophora,

Sandberger ; Trias. Pachycardia, Hauer; Trias. Family 23. Mega-
LODONTIDAE, Zittel. Shell inequilateral, thick, dimyarian, with pro-

minent umbones ; the posterior adductor impression borne on a myo-
phorous apophysis. An extinct fanjily, ranging from the Devonian to

the Cretaceous. Genera

—

Mer/alodoii, Sowerby ; from the Devonian to

the Jurassic. Pachyrisma, Morris and Lycett ; Trias and Jurassic.

Durgn, Bcihm ; Jurassic. Dicerocardium, Stoppani ; Jurassic. Family 24.

Unionidae, Fleming. Mantle with a single pallial suture and no
siphons. Shell equilateral, with lateral liinge teeth or no hinge

teeth. Inhabitants of fresh water. Development through a glochidium
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stage (Fig. 242). Genera

—

Vnio, Retzius ; shell thick, the hinge toothed.

This genus includes more than a thousand species, the majority from the

northern hemisphere. Anodonta, Lamarck; shell thin; the hinge without

teeth ; British. Pseudodon, Gould. Q(t«(??-H^(, Rafinesque. A rconaia, Conrnd.

Monocondylaca, d'Orbigny. Solenaia, Conrad. Mycdoima, d'Orbigny ;

foot cylindrical, with a terminal swelling ; South America. Family 25.

MuTELiDAE, Gray. This family differs from the Unionidae in having two
pallial sutures and a distinct brancliial orifice ; the shell is never fur-

nished with lateral hinge teeth. Freshwater. Genera

—

Mutela, Scopoli.

Pliodon, Conrad. Spatha, Lea. Iridina, Lamarck. Hyria, Lamarck.
Castalia, Lamarck. Aplodon, Spix. Plafjiodon, Spix. Family 26.

Aetheriidae, Adams. Shell irregular, generally fixed in the adult state.

Mantle with a single suture ; foot absent ; anterior adductor muscle

'241.

Modiolaria trapezliM, Lamarck, viewed from tlie left side ; the left mantle lobe is removed.
ad', ad", anterior and posterior adductor muscles ; hr', hi-", internal and external gill-i)late.s ;

gl.'p, foot gland ; o.a, o.b, anal and branchial oritlces of the mantle ; o.by, byssal oritice of the
foot ; o.p, pedal orifice of the mantle

; p, foot
;
jud, labial palp ; -rc.p, posterior retractor muscle

of the foot.

sometimes reduced or absent ; from fresh watei". Genera

—

Aetheria,

Lamarck ; anterior adductor well developed ; African, ili»%mt, Ferussac
;

no anterior adductor ; American. Bdrtlettia, Adams.

Sub-Order 3. Tellinacea.

Eulamellibranchia in which the mantle is not extensively 'closed,

with two pallial sutures and two well-developed siphons ; the gills

smooth. The foot is compressed and elongated. The labial palps very

large. Dimyarian ; the pallial line has a deep sinus.

Family L Tellinidae, Deshayes. The external branchial plate

directed upwards (Fig. 206, H). The siphons separate and elongated.

Foot with a byssogenous api)aratus. Palps very large. Ligament of shell

external. Genera

—

Tellina, hmnaews ; slightly inequivalve ; foot large;

British (Fig. 190). Gastrana, Schumacher ; equivalve ; the foot slightly

developed ; British. Capsa, Bruguii're. Macoma, Leach. Family 2.

ScROBicuLARiiDAE, Adams. External gill - jilate directed upwards.

Siphons separate and excessively long. Foot witliout a byssus. The
ligament partly internal, lodged in a concavity in the liinge. Genera

—
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Fig. 242.

Diagrams of the external form and anatomy of Anodonia cygvaea (2), ventral view, all the

Other figures seen froin tlie left side. (1) animal removed from its shell ; a probe g passed into

the infra-branchial chamber through the excurrent siphonal notch. (2) view from the ventral

surface of Anodnntn, with its foot expanded and issuing from between the gaping valves. (3)

the left mantle-flap reflected upwards so as to expose the sides of tlie body. (4) diagrammatic
sagittal section of Anodonta to show the course of the alimentar>' canal. (5) the two <;ill-piates

of the left side reflected upwards, so as to expose the Assure between foot and gill where the

probe g passes. (6) diagram to shuw the positions of the nerve ganglia, heart, and kidney, o,

centro-dorsal area ; b, margin of the left mantle-flap ; c, margin of the right mantle-flap ; d, ex-

current (anal) siphonal notch of the mantle-margin ; e, incurrent (branchial) siphonal notch ; /,

foot; g, probe passed into the superior division of the sub-pallial chamber tlirough the anal

siphonal notch, and issuing by the side of the foot into the infra-branchial chamber ; h, anterior

adductor muscle ; i, anterior retractor muscle of the foot ; /.-, protractor muscle of the foot ; I,

posterior adductor muscle ; m, posterior retractor muscle of the foot ; », anterior labial jwlp ;

0, posterior labial palp ; p, base-line of origin of the reflected mantle-fla]> from the side of the

bixly ; '/, left external gill-plate ; r, left internal gill-plate ; 7t, inner lamella of the right inner

gill-plate ; r.g, right outer gill-plate ; .<, line of concrescence of the outer lamella of the left outer
gill-plate with the left mantle-flap ; /, pallial tentacles ; ii, the thickened nuiscnlar pallial margin
which adheres to the shell and forms tin- pallial line of the left side ; r, that of the left side ; iv,

the mouth ; x, aperture of the left kidney, exposed by cutting the attachment of the inner

lamella of the inner gill-plate ; y, aperture of the genital duct ; s, lissure between the free edge
of the inner lamella of tlie inner gill-plate and the side of the foot, through which the probe g
passes into the supra-branchial chamber ; ««, line of concrescence of the inner lamella of the

right inner gill-plate with the inner lamella of the left inner gill-plate ; ab, ac, od, three pit-like

glandular depressions in the median line of the foot ; ow, left sliell-valve ; a/, space occupied by
the liver ; ay, space occupie<i by the gonad ; ak, muscular substance of the foot ; ai, opening of

bile-duct into tlie stomach ; ak, stomach ; «/, rectum traversing the ventricle of the heart ; am,
pericaniiuni ; an, glandular portion of the left kidney ; o;>, ventricle of the heart ; ag, auriculo-

ventricular orifice ; or, non-glamlular portion of the left kidney ; as, anus ; at, reno-pericardial

oriflce ; au, pore joining the two parts of the kidney : at', internal jwre of the kidney leading to

the external porez; aw, left cerebral ganglion ; ojr, left pedal ganglion ; ay, left otocyst ; oz,

left visceral ganglion ; hb, floor of the pericardium, separating that space from the kidney.

(After Lankester.)
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Scrobicularia, Schumacher ; estuarine ; British. Syndosmya, Recluz

;

British. Gumingia, Sowerby. Family 3. Donacidae, Fleming. Ex-
ternal gill - plate directed ventrally. Siphons separate, of moderate

length, the anal siphon being the longer. Foot large and compressed.

Shell inequilateral, the anterior side being the longer ; the ligament

external. Genera

—

Donax, Linnaeus ; British. Iphigeneia, Schumacher.

Family 4. Mbsodesmatidae, Deshayes. External branchial plate

directed ventrally. Siphons separate and equal. Shell inequilateral,

the anterior side being the longer ; ligament internal. Genera

—

Meso-

desma, Deshayes. Ervilia, Turton ; British. Family 5. CardiliidjVE,

Dall. Shell very high and short, ventricose, dimyarian, the posterior

adductor impression borne on a prominent myophorous apophysis.

Ligament partly internal. Genus

—

Gardilia, Deshayes ; from the Pacific

Ocean. Family 6. Mactridae, Gray. External branchial plate directed

ventrally. Siphons united, more or less invested by a chitinous sheath.

Foot long, stout, bent at an angle and without a byssus. Shell sub-

triangular and nearly equilateral ; the ligament partly internal. Genera

—Afacira, Linnaeus ; British (Fig. 191). Mulinia, Gray. Harvella, Gra.y.

Raeta, Gray. Eastonia, Gray. Heterocardia, Deshayes. Vanganella, Gray.

Sdb-Order 4. Veneracea.

Eulauiellibranchia with two pallial sutures ; the sij^hons generally

somewhat elongated and partially or wholly united. Gills slightly

folded. A bulb on the posterior aorta. Ligament external.

Family 1. Veneridae, Gray. Foot well developed. Adductor

muscles subequal. Pallial sinus shallow or absent. Genera

—

Venus,

Linnaeus ; siphons rather short, their distal extremities free ; foot without

byssus ; British. Dosinia, Scopoli ; siphons long and fused together

throughout their length ; foot truncated udthout a byssus ; British

Tapes, Megerle ; siphons rather long and incompletely fused ; foot

byssiferous ; British (Fig. 202). Cyclina, Deshayes. Lucinopsis, Forbes

and Hanley ; British. ilfe?-e^?-?.r, Lamarck (Fig. 189). Cure, Schumacher
;

British. Venerupis, Lamarck. Family 2. Petricolidae, d'Orbigny.

Boring Laniellibranchs with a reduced foot. The shell more or less

elongated, with a deep pallial sinus. Genera

—

Petricola, Lamarck ; the

British species P. ^^holmliformis, originally an inhabitant of the United

States, has been acclimatised for some years in the North Sea : it has

boring habits as and mimics Pholas Candida. Family 3. Glaucomyidae,
Chenu. Siphons very long and united. Foot small. Shell elongated,

thin, with a deep pallial sinus. Inhabitants of fresh or brackish water.

Genera

—

Glaucomya, Woodward ; from S.E. Asia. Tanysiphon, Benson
;

from India.

Sub-Order 5. Cardiacea.

Eulauiellibranchia with two pallial sutures. Generally with short

siphons. The foot cylindrical, more or less elongated, furnished with a

byssogenous apparatus. Tlie gills nuich folded. Shell cquivalve, with

radiating costae and an external ligament.
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Family 1. Cardiidae, Gray. The mantle slightly closed ; siphons

very short and surrounded hy a single circle of pajiillae which are often

oculiferous (Fig. 243, o.i). Foot very long, geniculated. Pallial line of

the shell withmit a sinus ; two adductor muscles. Genera

—

Cardium,

Linnaeus ; adductor muscles subequal ; British (Fig. 243). Pseudokellya,

Pelseneer (Fig. 221). Both Bi/xsncardinm, Munier-Chalmas, and Litlio-

cardiuw, Woodward, fossils from the Eocene, have a much reduced anterior

adductor muscle. Family 2. Limnocardiidae, Stoliczka. Siphons very

long, united throughout their extent. Shell gaping ; two adductor

muscles. Inhabitants of brackish waters. Genera

—

Adacna, Eichwald
;

from the Caspian Sea. Limnocardium, Stoliczka ; from the Caspian Sea

and fossil from the Tertiary. Arcicardiinn, Fischer ; fossil from the

Tertiary. Family 3. Tridacnidae, Broderip. Mantle closed to a con-

siderable extent, the orifices distant from one another ; no siphons. The
foot short, with a more or less well developed byssus. A single adductor

Cardium eiliile, lel't-.siile view. (t.x. anal .si])lioii ; hr.s, bniiicliial siiihoii ; j, foot ; li, liganien

of the shell ; o.t, eye-spots on the tentacles ; sh, shell. (Alter Desliayes.)

muscle. The gills narrow. The shell thick. Genera— Tridacna,

Bruguiere ; byssus stout ; shell gaping anteriorly ; from the Indian

and Pacific Oceans. Hipjynjms, Lamarck ; byssus reduced ; shell not

gaping.

Sub-Order 6. Chamacea.

Asymmetrical, inequivalve, fixed Eularaellibranchia, with extensive

pallial sutures and distant pallial orifices ; no siphons. Two adductor

muscles present. The foot reduced and without a byssus. Shell thick,

without a pallial sinu.'s.

Family 1. Chamidae, Gray. Shell with subequal valves and promi-

nent umbones more or less spirally coiled ; ligament external. Genera—Chama, Bruguiere ; the free valve only slightly ventricose ; shell

lamellated or spiny. JHcerns, Lamarck ; shell smooth, the umbones
largely divergent and coiled ; the adductor muscles (at least the anterior)

attached to myophoroiis apophyses ; fossil from the Jurassic (Fig. 244, A).

Bequienin, Matheron ; the fixed valve spirally coiled ; the free valve
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operculiform ; fossil from the Cretaceous (Fig. 244, B). Matheronia,

Munier-Chalmas ; fossil from the Cretaceous. Family 2. Caprixidak,

d'Orbigny. Shell inequivalve ; the fixed valve spiral or conical ; the

free valve not operculiform but coiled or spiral ; ligament internal ; sub-

.stance of the shell generally

inerced with large parallel canals.

An exclusively fossil iamily,

from tlie Cretaceous. Genera—Caprina, d'Orbigny ; the free

valve larger than the fixed and

coiled (Fig. 244, C). Caprinula,

d'Orbigny ; fixed valve elongated

and conical, free valve small and

coiled (Fig. 244, D). Caprotina,

d'Orbigny. Ichthyosarcolites, Des-

marets. Plagioptychus, Matheron.

PolycoiiiteK, Roulland. Family 3.

MoNOPLEURiDAE, Munier-
Chalmas. Shell very inequi-

valve ; the fixed valve conical or

spiral, the free valve oiierculiform

and slightly or not at all spiral ;

ligament external. Xo canals in

the substance of the shell. An
exclusively fossil family, from

the Cretaceous. Genera

—

Mono-
jdeuru, Matheron (Fig. 244, E).

Valletta, Munier-Chalmas.
Baylea, Munier-Chalmas. The
two following families, desig-

nated by the common name of

Eudistae, are closely allied to the

preceding : they also comprise

some extinct marine forms from Secondary deposits. These animals, of

littoral and often gregarious habit, were fixed l)y the conical and more or

less elongated right valve ; the adductor muscles were not inserted perpen-

dicularly to the surface of separation of the two valves ; the l^ree left

valve has a sub-central umbo, is not spiral, and is furnished with promi-

nent nn'oiihorous apophyses to whose external faces the muscles were

attached ; this valve was only movable in a vertical direction. Family 4.

Radiolitidae, Gray. Shell conical or biconvex, without canals in the

external layer. Genera

—

Badiolitei<, Lamarck ; valves ornamented with

longitudinal costae ; a ligament present ; from the Cretaceous (Fig. 244, F).

Birudiolites, d'Orbigny ; no ligament ; Cretaceous. Family 5. Hip-

PURITIDAE, Gray. Fixed valve long, cylindro- conical, with three

longitudinal furrows, con esison ding internally to two pillars which serve

to support the siphons. Anterior adductor muscle with two separate

insertions on the fixed valve. Genera

—

Hippurites, Lamarck ; Cretaceous.

Arnaudia, Bayle ; Cretaceous. The family Diceratidae, the most ancient

Fig. 244.

Some genera of fossil Chamacea and Rmlistae.
A, Diceras arietinum; B, Requienia ammonia; C,

Caprina adversa; D, Caprinnla Baylei; E, Mnno-
pleura ivihrimta ; F, Badiolites angeiodes. (CliieHy

after d'Orbigny.)
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of the Chainacea, and possibly derived from the Megalodontidae of the

Palaeozoic and the Trias, lias given rise to a branch that has survived to

the present epocli (Chaniidae) and to various others that became extinct

at the close of the Secondary period. In all cases, the forms in which
the umbo of the free valve is coiled have preceded the forms with an
operculiforin free valve

—

Uequienia being derived from Diceras and
(Jhama from Matheronia ; in the same way among the Rudistae Radiolites

appears to be derived from Caprina. The Hippuritidae, by the depth of

the fixed valve, the reduction of the cavity, and the absence of the

ligament, indicate the last stage of the evolutionary series.

Sub-Order 7. Myacea.

Eulamellibranchia in whicli the mantle is closed to a considerable

extent ; the siphons are well developed, the gills much folded and
frequently prolonged into the branchial siphon. The foot is compressed

and generally byssit'erous. The shell gaping, with a pallial sinus.

Family 1. P.sammobiidae, Gray. Siphons very long and quite

separate. Foot large, Hattened from side to side and pointed. Shell

Psarmaohia florida, right side, showing expamied foot (c)

and g, branchial, and g', anal siphons. (From Lankester,
after Gamer. )j

oval, elongated, with a deep pallial sinus and an external ligament.

Genera

—

Psammobia, Lamarck ; the posterior end of the shell sub-

truncated ; British (Fig. 245). Sanyuinolaria, Lamarck. Asaphis,

Modeer. Elizia, Gray. Solenotellina, de Blainville. Family 2.

Myidae, Gray. Mantle largely closed ; siphons united for the greater

part of their length and surrounded, near their extremities, by a circlet

of tentacles. Foot reduced. Shell gaping, with an internal ligament
;

the left valve provided with a spoon-shaped projection for the ligament.

Genera

—

^fya, Linnaeus ; siphons elongated, covered by a chitinous

sheath, and incompletely retractile ; foot small
; palps elongated ; British.

Sphenia, Turton ; British. Tufjonia, Gray. Platyodou, Conrad. Crijpto-

mya, Conrad. Family 3. Corbulidae, Fleming. Shell sub-trigonal,

inequivalve, the left valve less convex than the right ; the pallial sinus

shallow ; the ligament partly external. Siphons .short, united, com-
pletely retractile. Foot large, pointerl, often byssiferous. Palps reduced.

Genera

—

Corbula, Bruguii-re ; siphons surrounded by a common circlet of

tentacles ; .shell short ; British. Corbalomya, Nyst ; shell elongated
;

branchial siphon with a special tentacular crown. Paramya, Conrad.

Erodoiia, Daudin, and Himella, Adams, are fluviatile forms from South
America. Family 4. Lutrariidak, Adams. Mantle extensively

18
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closed ; siphons Ljiig and united throughout tlieir length ; a fourth

opisthopodial pallial aperture. Foot rather large, compressed. Shell

elongated, with a deep jiallial sinus and a spoon-.shaped projection for the

ligament on each valve. Genera

—

Lutruriu, Lamarck ; British. Tresus,

Gray. Standella, Gray. Family 5. Solenidae, Leach. Elongated,

burrowing animals. The foot more or less cylindrical and powerful,

without a byssus. Gills narrow. Shell long, truncated, and gaping at

each end ; the ligament exteinal. Genera

—

Solenocurtu.s, de Blainville
;

siphons large, partially united, incompletely retractile
;
pallial sinus deep ;

foot very large and linguiform (Fig. 194); British. Tarjelus, Gray;

posterior extremity short
;
pallial sinus very deep ; estuarine. Ceratisolen,

Forbes and Hanley ; siphons long, separate
;

gills rather short and not

folded ; British. C'altellus, Schumacher ; siphons rather short ; extremity

of foot dilated ; British. Siliqua, Megerle ; siphons of medium length
;

foot dilated ; shell compressed. Solen, Linnaeus ; siphons short ; foot

elongated ; shell rectilinear, cylindrical ; the umbones anterior and

terminal ; British. Ensis, Schumacher ; siphons very

short ; a fourth pallial orifice ; shell arcuate, the um-
bones anterior and sub-terminal ; British. Family 6.

Saxicavidae, Gray. Mantle extensively closed ; with

a small pedal orifice (Fig. 246,/) ; siphons elongate,

covered by a chitinous sheath and wholly or largely

united
;

gills prolonged into the branchial siphon.

Foot small. Shell gaping, with an external ligament.

Genera

—

Saxicava, Fleuriau ; bores holes in rocks
;

siphons free at their extremities ; foot byssiferous

;

British (Fig. 246). Ghjcimeris, Lamarck ; siphons

very long and completely united ; a burrowing form.

Cyrtodaria, Daudin ; shell inequilateral ; the anterior

side the longer ; siphons united, incompletely retractile.

Family 7. Gastrochaenidae, Gray. Shell thin,

without teeth, gaping widely at the anterior end.

Anterior adductor much reduced. Foot small and

without a byssus. Gills narrow. Mantle extensively

closed ; with long united siphons. Genera

—

-Gastro-

chaena, Spengler ; a boring form, with a cylindrical

the shell regular and rai-ely enclosed in an adventitious tube ;

Fig. 240.

Saxicava arctiea, ven-
tral aspect, a.s, anal
.siphon ; ftr.s, branchial
siplion ; bi/, byssal
orilice ; /, foot ; pa,
mantle ; sh, .shell.

foot

British. Fistulana, Bruguiere ; a burrowing form with a very small

compressed foot ; shell with a denticulate border, always enclosed in a

regular, non-adherent, fragile, club-shaped adventitious tube.

Sub-Order 8. Adesmacea.

Eulamellibranchia with very long united siphons and a largely

closed mantle. The foot short, truncated, discoid, and without a

byssus. The gills prolonged into the liranchial siphon. The shell gaping

and devoid of a ligament, but with a styloid apophysis in the umbonal

cavities.

Family 1. Pholadidae, Adams. Shell capable of containing all
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the organs ; the heart traversed by the rectum ; two aorttie. The shell

with a pallial sinus ; the dorsal region protected by accessory calcareous

pieces. Genera

—

Pliolas, Linnaeus ; foot cylindrical ; siphons free near

their extremities ; British. In Pholas there are four accessory plates ; in

Zirphaea, Leach, two ; in Barnea, Leach, one. Pholadidea, Goodall ;.

foot rudimentar}' ; siphons completely united and their extremity

surrounded by a fringed disc ; shells elongated, in the adult prolonged

posteriorly by a short calcareous tube, which surrounds the siphons ^

British. Jouannetia, des Moulins ; foot rudimentary
;

siphons completely united ; shell globular, and the right

valve prolonged posteriorly by a rostriform appendage.

Xylophaga, Turton ; siphons separate at their extremities ;

foot narrow ; shell globular with two accessory dorsal

plates ; British. Martesia, Leach ; siphons long, united
;

foot absent in the adult ; shell ovoid with a ventral plate

in addition to the dorsal plates. Family 2. Tere-

DINIDAE, Fleming. Shell globular, covering a small

portion only of the vermiform body. Heart on the

ventral side of the rectum (Fig. 195, h) ; a single aorta;

siphons long, united to a large extent and furnished with

two posterior calcareous "pallets" (Fig. 247, II). Genera
— Teredo, Linnaeus ; a borer in wood ; secretes an

adventitious non - adherent tube ; British. Xylotrya,

Leach ; the pallets articulated.

Sub-Order 9. Axatinacea.

Hermaphrodite Eulamellibranchia, in which the

ovaries and testes are distinct and have separate orifices

(Fig. 219, 0, t). The foot generally rather small. The
mantle frequently presents a fourth orifice. The ex-

ternal gill-plate directed dorsally and devoid of a reflected

lamella. Hinge of shell without teeth

Family 1. Thraciidae, Dall

pallial orifice; the pedal orifice elongated; siphons branchial siphon;

rather long, quite separate, and completely retractile vi, foot""*
™*'*^ '

and invertible. Shell with a deep pallial sinus.

Genera

—

Thracia, de Blainville ; shell with a large spoon-shaped tooth
;

British. Asthenothaerus, Carpenter ; shell without spoon-shaped teeth.

Family 2. Periplomidae, Dall. Siphons separate, naked, completely

retractile, but not invertible. Pallial sinus shallow ; no ligament.

Genera— Cochlodesma, Couthouy. Periploma, Schumacher. Tyleria,

Adams. Family 3. Anatinidae, Gray. Siphons long, united, covered
by a chitinous sheath, and not completely retractile. Foot slender.

Pallial sinus well marked. Genera

—

Anatina, Lamarck. Shell thin and
gaping, with spoon-shaped teeth. Pledomya, de Loriol ; fossil from the

Jurassic and Cretaceous. Family 4. Pholadomyidae, Gray. Mantle
extensively closed, with a fourth orifice. Siphons very long, comi)letely

united, naked, and incompletely retractile. Foot small, with a posterior

appendage. Shell thin, with an external ligament and a well-marked

s
Fig. 247

Mantle with a fourth H;,,
i-',',^^;^

Teredo navalif,
Linnaeus, ventral
aspect. I, sliell

;

III,

IV,
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pallial sinus. Genera

—

Pholadomya, Sovverby ; some species living and

abyssal ; numerous fossil species from the Trias onwards, the maximum
in the Jurassic. Family 5. Arcomyidae, Fischer. Shell finely granular,

equivalve, thin ; the hinge without teeth ; the ligament external
;

pallial

sinus. An exclusively fossil family, from the Secondary and Tertiarj\

Genera

—

Arcomya, Agassiz ; from the Trias to the Eocene. Goniomya,

Agassiz ; Jurassic and Cretaceous. Family 6. Pholadellidae, Miller.

Shell oval, the posterior extremity attenuated and gaping ; cardinal

border thin and devoid of teeth ; ligament external
;

posterior ad<luctor

muscle large. An exclusively fossil family, from Primary

deposits. Genera

—

-Fholadella, Hall ; Devonian. Phytimyu,

Ulrich ; Silurian. Allorisma, King ; Carboniferous and

Permian. Family 7. Pleukomyidae, Zittel. Shell inequi-

lateral, thin ; the pallial line deejjly sinuous ; the cardinal

border of one valve covering that of the other and hiding

the ligament, which is therefore sub - internal. An e.x-

clusively fossil family from Secondary formations. Genera
— Pleuromya, Agassiz ; from the Trias and inferior

Cretaceous. Gresslya, Agassiz ; Jurassic. Geromya, Agassiz ;

Jurassic. Family 8. Pandoridae, Gray. Shell thin,

inequivalve, free ; the ligament internal ; no pallial sinus.

Siphons very short; foot elongate. Genera

—

Pandora,

Bruguiere ; British. Coclodon, Carpenter. Clidiophora,

Carpenter. Family 9. Myo-
CHAMiDAE, Dall. Shell very

inequivalve, solid, with a

pallial sinus. Siphons short

;

a fourth pallial orifice

present ; foot small. Genera
— MyocJiama, Stutchbury ;

shell irregular ; fixed to

other shelly by the right

valve ; Australian. Myodora,

Gray ; shell free, trigonal
;

the left valve flattened.

Family 10. Chamostrei-

dae, Fischer. Mantle
largely closed. A fourth

pallial orifice present ; pedal

orifice smaU. Siphons very

short and separate. Shell
I the lett side, the whole fy^^A U^ the ri<dit valve irre-

shell/dorsal view, the anterior part below; to the right "^^'^^ oy me ri^lll vai\ e, irre

side, the anterior part, niagniliefi, to show the original gular, Without a pallial SinuS ;

ligament internal. Genus

—

Chamostrea, de Roissy
;

Australian. Family 11. Clavagellidae, d'Orbigny. Mantle largely

closed ;
pedal orifice extremely small ; a fourth pallial orifice present ;

siphons fairly long, united ; foot very rudimentary and without a byssus.

The ligament external ; the valves continued backwards into a calcareous

FlO. 248.

valves a, now embedded in a continuous calcification of

tubular form. (From Lankester, after Owen.)
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tube secreted by the siphons
;

pallial line sinuous. Genera

—

Clavagella,

Lamarck ; left valve fused to the tube ; adductor muscles well developed

;

a boring form. Brechites, Guettard { = Aspcrgillum, Lamarck) ; the two

valves fused to the tube and external (Fig. 248) ; no posterior adductor

muscle ; the anterior adductor much reduced ; the anterior extremity

bearing numerous tubular projections serving for adhesion ; Indian and
Pacific Oceans. Family 12. Lyonsiidae, Fischer. Mantle largely

closed, with a fourth pallial orifice ; siphons short, invertible ; foot

byssiferous. Shell thin, granular externally ; the pallial sinus feeble
;

the ligament internal. Genera

—

Lyonsiii, Turton ; shell regular and
elongated ; British (Fig. 219). Entodesma, Philippi ; shell irregular,

truncated behind ; a boring form, sometimes found in the tests of

Ascidians. Mytilimeria, Conrad ; shell regular, ventricose, gaping behind.

Family 13. Verticordiidae, Wood. Siphons short ; the gills papillose ;

Fio. 249.

Poromi/a tnrnata, left-sidfi view, a.a, anterior ailductor ; a.p, anterior labial palp ; a.s,

anal siphon ; /, loot ;
g.l, gill lamellae on the .septum ; h, heart ; ha, posterior adductor ; Ui,

intestine; li, liver; pu, pallial suture; p.p, posterior labial palp; p.t, pallial tentacles; r.p,

retractor posterior pedis ; r..«, retractor of the septum ; s, septum ; vj', valvular fold of the
branchial aperture.

foot small
;
palps well developed. Shell globular, very slightly gaping,

without a pallial sinus. ^lany species abyssal. Genera

—

Verticordia,

Wood ; mantle largely closed ; the pedal orifice small. Euciroa, Dall ;

heart situated above the rectum. Lyonsiella, Sars ; foot byssiferous.

HalicarduK Dall.

Order 4. SeptibrancMa.

The Septibranchia are dim3'arian Lamellibranchs in which the

mantle remains fairly open and has t\vo sutures and two siphons.

The foot is long and slender ; the byssus rudimentary or absent.

The pallial line is simple or very slightly sinuous. The essential

character of the group is the disappearance of the gills as respiratory

organs, a character which is not found in any other Lamellibranch.

The gills are transformed into a muscular septum (Fig. 249, s)
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which extends from the anterior adductor muscle to the point

of separation of the two siphons, and surrounds and is continuous

with the foot. This septum, therefore, has exactly the situation

and the relations of the branchial septum of the majority of the

Lamellibranchia, which divides the pallial cavity into two chambers.

The group is derivable, more or less directly, from the Anatinacea,

through the series Lijonsia, Lyonsiella, Foromi/a, Ceioconcha, Cuspidaria,

in which one may observe a gradual increase in the amount of

muscular fibre in the gill filaments or in their reduced equivalents,

so that any objection to the branchial origin of the septum, because

of its muscularity, cannot hold good. The muscular septum is

inserted on the shell, especially in the neighbourhood of the two

adductor muscles. The origin of the anterior and posterior exten-

sions of the septum and of its muscular attachments to the two

extremities of the shell is to be found in the physiological contrac-

tions necessary to create a current of water on the respiratory

surface of the supra-septal chamber. The septum is, in fact, always

pierced by paired orifices, Avhich admit of the passage of water.

The Septibranchia are all marine,

inhabit considerable depths of the

sea, and are carnivorous. The order

only comprises one sub-order, the

Poromyacea.

nn

Family 1. Poromyidae, Dall.

Siphons short and separate ; the bran-

chial siphon provided with a large

valve. Foot pointed and not byssi-

ferous. The branchial septum bears two

groups of transversely elongate orifices

on either side ; these are formed by

a few branchial filaments, with or with-

out junctions. The palps are large.

All tlie members of the family are her-

maphrodite. Genera

—

Poromya, Forbes;

no pallial sinus ; British (Fig. 249).

Dermatomya, Dall ; a pallial sinus

present. Liojnstha, Meek ; fossil from

the Cretaceous. Family 2. Cetocon-

CHIDAE, Kidewood. Branchial septum

bearing three groups of orifices on each

side ; these orifices are separated by

rudimentary branchial filaments. Palps

large ; siphons short, separate, the branchial siphon with a valve. Genus
—Cetoconcha, Dall { = Sileni<i, Smith) ; abyssal (Fig. 250). Family 3.

Cdspidakiidae, Fischer. Siphons long and united, their extremities

surrounded by tentacles. Foot narrow, with a rudimentary byssus.

Palps greatly reduced or absent. Branchial septum pierced by four or

Fig. 250.

A ventral view of Cetoconcha, lemoved
from its slicU. a.o, anterior septal

orifices; a:p, anterior palp ; /, foot; m,
mouth ; m.o, nietlian septal orifices ; pa,

mantle
;

p.o, posterior septal orilices ;

p.p, posterior palp ; .«<•, branchial sep-

tum ; si, retractile branchial siphon.

(After Uidewood.)
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five pairs of very narrow pymmetrical orifices. The sexes separate.

Genus—C'jtspw^arw, Nardo ; British (Fig. 251).

a.a.-

Fic. 251.

Cuspidaria cnspidofn (Olivi), left-side view, after removal of left half of the mantle, a, anus ;

a.a, anterior adductor ; a./.r, anterior foot retractor ; a.p, anterior labial palp ; a.s, anal .siphon ;

hr.ii, branchial nerve ; br.s, branchial siphon; )).i; branchial valve; eg, cerebral ganglion;/,
foot; g.g, genital gland; g.o, genital orifice; li, heart; in, intestine; I;, kidney; k.o, kidney
opening; m, month; p.c, ])Ostenor adductor; 'p.f.r, posterior foot-retractor; p.fi, pedal gan-
glion; p.l.p, posterior labial palps; s, septum; s.u, septal orilice ; s.r, sei)tal retractor; st,

stomach ; vi.g, visceral ganglion.
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CHAPTER VI

THE CEPHALOPODA

CLASS v.—THE CEPHALOPODA, Cuvier.

Order 1. Tetrabrancliia.

Sub-Order 1. Nautiloidea.

,, 2. Ammonitoidea.

Order 2. Dibrancliia.

Sub-Order 1. Decapoda.

Tribe 1. Oigopsida.

„ 2. Myopsida.

Sub-Order 2. Octopoda.

Tribe L Leioglossa.

„ 2. Trachyglossa.

Definition.—The Cephalopoda are perfectly symmetrical Mollusca,

in which the edges of the foot are transformed into circumoral

appendages completely surrounding the head, and the epipodium

is modified to form an exhalant muscular tvibe or funnel consisting

of two free or united lobes, situated behind the head at the opening

of the pallial cavity, and serving as a conduit for the water from

this cavity. In the nervous system all the typical ganglion-pairs

are concentrated in the head, and are applied to or contained in

the interior of a cartilaginous skeletal piece. The renal organs are

constituted by the glandular covering of the afferent branchial

vessels. The coelom communicates with the exterior either directly

or by the intermediary of the paired kidneys, and hy a second pair

of ducts serving as gonaduct.s. The gonad is situated in the coelom

and is not continuous with the gonaducts. A portion of the

circumoral pedal crown is " hectocotylised," that is to say, modified

to form a copulatory organ in the male. The development is

characterised by the incomplete segmentation of the ovum.

I. Genp:ral Description and External Characters.

In comparing the Cephalopoda with other Mollusca, one finds

that the ventral surface is much abbreviated and the length of the

285
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body reduced (Fig. 22, E). This is the result of the displacement of

the foot, Avhose lateral liorders surround the head and are joined

together in front of the mouth. In consequence of this shortening

of the antero-posterior axis, the tAvo extremities of the digestive

canal are closely approximated,

ocz and the pallial cavity opens im-

mediately behind the head (Fig.

252, m, a).

The head is highly developed,

but has hardly any other ap-

pendages than those formed by

the edses of the foot which

771/

Fio. 252.

Diagram of the structure of a Cephalopod,
as seen from the left side in its proper mor-
phological position, a, anus ; «/, arms ; i:e,

central nervous system, with eye ; coc,

coelom ; /«, funnel ; rj, gill ; go, gonad ; /(,

heart ; fc, kidney ; I, liver ; m, mouth ;

j)a, mantle ; r.o, renal orifice ; r.p, reuo-
pericardial orifice ; «<, stomach.

Taonins svlimii, Lankester, ventral
aspect, e, pedunculated eye ; fi, fin ; m,
mouth ; t, tentacular arm. (After Hoyle.)

embrace it. Certain Oigopsida, however, e.g. Taonius sithmii, Eay
Lankester (Fig. 253), and the embryos of an allied form known
as Grenacher's embryo (Fig. 119, D) and of Loligo peali, have very

prominent pedunculated eyes. On the other hand, Nautilus, whose

eyes are also somewhat prominent, has in addition two ciliated

tentacles on either side of the head, one in front of and the other

behind the eye (Figs. 255, i, h; 293, a.o.t, jt.o.t).

The foot forms a crown of appendages surrounding the mouth :

the edges of this crown are not deeply divided in Nautilus, but

are much more so in the Dibranchia. In Nautilus the circumoral

pedal crown is divided into lol)es each of which bears a group of

tentacles, the total number of tentacles being about ninety in the
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female, but only sixty in the male. These tentacles have laminated

but not ciliated surfaces ; they are adhesive and prehensile, and
are retractile svdthin special tentacular sheaths. When the animal

is extended they radiate outwards from the mouth. In the female

there are three tentaculiferous lobes in immediate contact with the

buccal aperture (Fig. 255, c, d) : these are the right and left and the

ventral interior lobes. The last named (which is absent in the

male) bears a laminated organ, supposed to be olfactory in function

and known as Owen's organ, in the middle of its free border (Fig.

255, n), and fourteen tentacles on each moiety of the lobe. The

FlO. 254.

Tremoctopus velifer, Verany, viewed from the dorsal side, showing the foiir dorsal arms joined
together by a membrane. (After Verany.)

right and left interior lobes bear twelve tentacles apiece. The
muscular mass of the foot forms a broad ring round the three interior

lobes, and is particularly thick and strong in the dorsal region (Fig.

255, (/), where it is modified to form a hood which protects the whole
animal when it is retracted within its shell. On the external face

of the hood is a concavity in which the spire of the shell is lodged.

The tentacles borne on this ring are called " digital," and are

larger than the " labial " tentacles borne on the three interior lobes.

The digital tentacles are nineteen in number on each side in the

female, and are disposed more or less regularly in three unequal

rows. It is only the dorsal pair of tentacles that belongs to that

part of the muscular ring which forms the hood, the last-named



288 THE CEPHALOPODA

structure being largely composed of an extension of the sheaths

of the tentacles in question. On the ventral side an extensive

part of the internal surftice of the muscular ring is laminated,

Fio. 255.

Male (upper'* and female (lower) specinieiis of Natttilus pompilins, as seen in the expanded

condition ; oral view, showing the disposition of the tentaculiferous lobes and the differences

between the two sexes, a, the shell ; b, the outer ring-like expansion or annular lobe of the

circunioral mass of the foot, dorsally forming the hood ; c, the right and left inner lobes of the

foot, each carrying twelve tentacles in the female, in the male divided into v, the " spadix
"

(hec'tocotylus) on the left side, and 7, the "anti-spadix," a group of four tentacles, on the right

side ; d, the inner inferior lobe of the foot (reduced in tlie male to a paired group of lamellae)

;

e the buccal cone, fringing the jaws with a series of minute papillae ; /, the tentacles of the

outer lobe, projecting from their sheaths ; .7, the two most posterior tentacles, belonging to the

hood ; i, superior ophthalmic tentacle ; k, inferior ophthalmic tentacle ; I, eye ; vi, paired

laminated organ on each side of the base of the inner inferior lobe of the female ; n, olfactory

lamellae upon the inner inf(!rior lobe, in the female ; o, the funnel ; ;>, the s]«idix (in the male)

or hectocotylised portion of the left inner lobe of the foot, representing four modified tentacles :

<7, the antisi)adix (in the male), being four of the twelve tentacles of the right inner lobe, isolated

from the remaining eight. (After Lankester.)
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forming the so-called " organ of Valenciennes," peculiar to the

female and serving for the attachment of the spermatophores

(Fig. 255, m).

In the Dibranchia the pedal appendages have the form of four

or five pairs of symmetrical and generally elongate arms. In the

Octopoda there are eight similar arms, and the whole length of the

ventral surface of each is covered by suckers which are often very

numerous and highly specialised in structure (Fig. 250). It seems

probable that it is the suckers and not the arms that are com-

parable with the tentacles and tentacle-sheaths of Nautilus,. In

the Decapoda, in addition to the eight arms corresponding to those

of the Octopoda, there are two additional "tentacular" arms, of

which one is situated between the third and fourth sessile arms on
either side of the posterior part of the head. These two tentacular

arms are longer and more slender than the others (Fig. 298, A), and
the suckers are generally confined to their free extremities, which
are enlarged and club-shaped ; in some forms, however, they bear

suckers along their whole length (Fig. 297, II). The tentacular arms
are further distinguished from the sessile arms by the fact that they

are more or less retractile within special pouches : they are com-

})letely retractile in .S'ep/a, Sepiola, and Bossia, incompletely retractile

in Loligo, very slightly retractile in the majority of the Oigopsida,

and finally they are united to form a beak-like appendage in

lihynclwteuthis. In some Oigopsida, such as Leachia, Chaunoteuthis,

some species of Cheiroteuthis, and Grimalditentlm (Fig. 258), the

tentacular arms are reduced to mere stumps : in tlie adult Veranya

they are similarly reduced, but the young still retain small

tentacular arms. Similarly a notable reduction of the ordinary or

sessile arms, particularly on the dorsal side, may be observed in

some Cheiroteuthidae and Cranchiidae. Some or all of the eight

sessile arms may be united by a more or less complete inter-

brachial membrane : the four dorsal arms are united in this

manner in Tremodopus (Fig. 254), the six dorsal arms in Histiateuthis,

and all eight arms in some species of Eledone, in ylUoposas, and in

the adult Cirrhoteuthidae and Amphitretidae, the membrane ex-

tending in the two last-named families to the tips of the arms,

but in the young of Cirrhoteufhis (Fig. 260) the membrane is not

fully devel()i)ed.

In the female Anjonatita the two dorsal arms are enlarged to

form a veil (Fig. 301, IV), which is applied to the mantle and
secretes a protective calcareous shell. Finally, in most cases a

single arm of the male, or a portion of the circumoral pedal crown
in Nautilus, is modified to form a copulatory organ, which is some-

times detachable. This is the hectocotylus, or spadix in Nautilus,

which will be described in detail under the head of reproductive

apparatus.

19
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The suckers are pedunculated iu the Decapoda, the peduncles

being axial or lateral, but they are sessile in the Octopoda

(Fig. 256). They generally form a double series along the internal,

that is to say, the ventral or buccal faces of the arms, but there is

a single series in Eledone and Cinhoteutlm (Fig. 2 GO). In some

cases, however, there are more than two rows, e.g. Spirula (Fig.

268, ar), Gonatus, Dosidicus, Tritaxeopus, Ctenoptenjx (on the three

dorsal pairs of arms), and Sepia (Fig. 299, c). In point of structure,

each sucker consists of a globular or cylindrical projection,

comprising an annular surface of application with a central cavity

whose capacity can be augmented b}^ the retraction of its floor.

The floor is pi'ovided with perpendicular muscular fibres (Fig. 256, I),

whose contraction causes the sucker to adhere to the prey or to

the substratum. The surface of application of the sucker is

Fig. 256.

Axial section of a sucl<er of Argoncmta. I, muscular fibres retiactiug the bottom of tlie

sucker ; II, radiating muscular fibres ; III, annular muscular fibres ; IV, floor of the cavity of

the sucker ; V, sphincter muscle ; VI, tooth on the margin of the sucker. (After Nieuiiec.)

augmented by the action of radiating muscular fil^res (Fig. 256, II),

and its adherence is further assured by the cuticular rugosities of

this surface. These cuticular structiu-es are simply small projections

in the Octopoda, but in the Decapoda there is a complete chitinous

ring with denticulated edges which are often very prominent, and

in some cases a single denticulation may become very large and

preponderant and thus transform the sucker into a hook-bearing

organ. In Oiiychofcnihis true functional suckers coexist with the

hooks, but in the adult Verauija the suckers are nothing more than

the bases of the hooks. In various species of CIteiroteuthis the

tentacular arms bear suckers in which the muscular system is feebly

developed and there is neither a central piston nor a horny ring,

but the bottom of the cupule is covered by a great number of

anastomosed epithelial filaments which constitute an organ for fishing.

In Cirrhoteuthis, in addition to the row of suckers, there are

tentacular filaments on each arm alternating with the suckers.
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In addition to the foot proper, whose edges constitute the circum-

oral appendages, the Cephalopoda possess an epipodium which is well

developed, but highly specialised to form a funnel. The epipodial

nature of the funnel may be specially well seen in young embryos
(Figs. 257, fn ; 1 19, D, /«), in which this organ is situated laterally

and posteriorly, between the mantle and the foot. Primitively the

funnel has the form of two symmetrical lateral lobes, which simply

incline towards one another and overlap in Xautilns (Fig. 27G).

In the Dibranchia, however, these two lobes become fused together

during development (Fig. 290, (9) q) and form a complete tube

projecting beyond the pallial cavity (Figs. 253 and 258, etc., fn).

Through this tube the excrements, the secretion of the ink-sac, and
the generative products are ejected. The interior of the funnel

is generally provided Avith a larger

or smaller valve, attached to its

anterior or dorsal face ; as, for

instance, in the Nautilidae (Fig.

276, b) and the majority of the

Decapoda (Fig. 259, fu); but this

structure is absent in Leachia

among the Oigopsida and in the

Octopoda. In addition, the in-

Yoiinj; embrj'o of Sepia officinalis,

viewed from the dorsal side, a, anus

;

e, eye ; fu. funnel ; yi, gill ; in, mouth ;

ot, otocyst
;

]>a, mantle and shell ; i-i,

vitellus"; 1, :;, 3, 4, 6, arms. (After
KoUiker.)

Fig. 25S.

Grimalditeuthis richardi, ventral as-
pect, a, arms ; c, left eye ; fi', anterior
Hu

; fi", posterior tin ; fu, funnel. (After
Joubin.)

ternal wall of the funnel is furnished with an epithelial outgrowth
of variable form, constituting a mucous gland called Midler's

orsan.IJ^CV

Powerful muscular bundles, originating from the cephalopedal

mass and from the sides of the funnel, unite together and are inserted

symmetrically on the sides of the shell (Fig. 272, m). In Nautilus

they are inserted on the interior of the shell, in the Dibranchia on
its external surface, in Spirula on the margins of the last chamber.
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Other differentiated muscular bundles may be recognised ; they are

mostly due to the specialisation of the funnel.

In the Tetrabrancliia (Nnutilus) the mantle is covered by an

external shell, which is partly overlapped by a small dorsal pallial

lobe (Fig. 270, d) : the retractor muscles of the head and foot are

inserted symmetrically on either side on the internal surface of

this shell. The female Argonauta also bears an external shell Avhich

covers the mantle, but has no muscular attachments and is not

homologous with the shells of other Cephalopods : it does not

originate from a pre-conchylian invagination or shell-gland, but is

of pedal origin, and is only formed some ten or twelve days after

birth by the palmate extremities of the two dorsal arms. The
animal is not attached to this shell.

In all other Cephalopoda the shell is covered over by the

mantle, or at least is partly covered in Spinda (Fig. 295). The
shell therefore is internal, and often is rudimentary, as in the

majority of Decapoda, or it may be nearly obsolete, as in the

Octopoda. The shell of living and fossil Nautiloidea, of Ammonoidea,

Spinda (Fig. 268, sp), and of various fossil Dibranchia, such as the

Belemnitidae, Spirulirostra (Fig. 262, C), etc., is provided with internal

septa, disposed perpendicularly to the axis of the coil. It is only

the last of the chambers thus formed that is occupied by the body

of the animal, but a prolongation of the pallial integument known as

the pallial siphuuclc (Fig. 270, /) extends back to the initial chamber

of the shell, and is enclosed in a calcareous tube or shell siphuncle

which perforates all the septa (Fig. 268, si). This pallial siphuncle

does not communicate with the coelomic cavity : in Nautilus and

Spinda it is a simple vascular vermiform process of the mantle,

Avhose cavity consists of a venous sinus and Avhose wall contains a

ramification of the pallial artery. It apparently^ pla-ys a part in

the hydrostatic function. At the point Avhere the shell siphuncle

traverses each septum it is generally surrounded by a small

reduplication of the latter, forming the so-called siphuncular neck.

The chambers traversed by the siphuncle do not communicate with

one another nor with the shell siphuncle : they are filled with a

nitrogenous gas and form a hydrostatic apparatus.

The external multilocular shell is straight in some palaeozoic

Nautiloidea (OrtJioccras), but in the majority of Tetrabranchia it is

arcuate or more or less completely coiled in such a manner as to

form a discoidal shell whose Avhorls are all in the same plane. In

the majority of Tetrabranchia (JVaufilus, Fig. 270) the coil is exo-

gastric, that is to say, it is turned towards the dorsal aspect, but

in some forms, c.r/. Phragmoceras^ Cyrfoccras, Ptenoceras (Fig. 261, B),

it is turned tOAvards the ventral side and is therefore endogastric ;

the direction of the coil cannot be determined by the position of

the siphuncle, which traverses the septa at various points, but by
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the form of the aperture and the position ot" the "hyponomous"
sinus, which corresponds to the funnel (Fig. 261, ?.s). In some
Nautiloidea, e.g. the dextral or sinistral TrochKeras, and in sundry

Ammonoidea, e.c). the sinistral Timilites and Cochloceras and the

dextral Bostrychoceras, the coil may be produced into a helicoidal

or turriculated spire. And in other cases again the last whorls

of shell, whether it be discoidal or helicoidal, may be partly un-

coiled, as may be seen, for example, in Litintr^, which is largely

uncoiled, or in Ophidiocrras, in which only a small extent of the

shell is uncoiled. Finally, the shell may become secondarily

rectilinear in the adult, as in Baculites, among the Ammonoidea.
In Spirilla the shell is coiled in one plane, but it is endogastric,

that is to say, coiled in the opposite direction to that of Nauiilus

(Figs. 2G8 and 270), and it is largely internal. In certain fossil

Dibranchia the nndtilocular shell, whether it be straight or partially

coiled, has l)ecome internal (Belemnitidae, Sj)iridiro$fra) and forms

the phragmocone (Fig. 2G2, C). In such cases it is surrounded by a

calcareous secretion of the reflected portion of the mantle, which

is not homologous with the shell of other IMolluscs, and forms the

pointed rostrum or guard at the end opjiosite to the head (Fig. 262)

and the cephalic plate or pi o-ostracum at the anterior or dorsal end.

Thus there is, in the shells of these Cephalopoda, an element which

is not represented in the shells of other Mollusca.

In the living Dibranchia, with the exception of Spirula, the

phragmocone and the rostrum of this internal shell have become

very rudimentary. In Srpia, for example, the shell is composed of

parallel layers united together by short pillars of calcareous sub-

stance, and has a stratified and alveolar structure : at its posterior

end a little hollow marks the position of the phragmocone, and a

short pointed external ])rojection represents the rostrum, the bulk

of the shell being formed by the anterior pro-ostracum, on which the

retractor muscles of the cephalopedal inass are inserted. In the

Oigopsida the guard is no longer calcified, and tiie sliell has the form

of a chitinous plume or gladius, but in Omma to-^^treplies there is a

small posterior conical cavity representing the remains of the

phragmocone.

In the Loliginidae and Sepiolidae the shell is similarly repre-

sented by a chitinous gladius (Fig. 263), but in these families it is

so much reduced that it only occupies the anterior portion of the

body. In Llmephiii this shell is nearly obsolete, and it is absent

altogether in certain 8e])iolidae and some allied forms such as

Stnlotenthis, Ininfoifhis, Srjiiohidra, and Sepiddarium. Finally, in the

Octopoda there is no longer a true shell, but only some sim))le

chitinous rudiments, on which the retractor muscles of the head

and funnel are inserted ; these may be paired, as in the case of the

lateral stylets of Octopus ; or impaired, as in the case of Cirrhoteiithis.
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It follows that in all living Cephalopods except Ndxitilui^ the

shell is localised on the anterior or physiologically dorsal side of

the body, and is enclosed by the mantle, Avhich therefore appears

to be a naked, bell -shaped sac (Figs. 252, 254, 287, etc.). The
whole circumference of the mantle border is free in the Decapoda
(Fig. 259), with the exception of Sepiola, in which it is fused to the

head anteriorly in the middle line. Similarly, in the Octopoda. the

border of the mantle is fused to the head anteriorly and laterally,

whereby the j^allial aj^erture is much reduced, especially in CirrJw-

teutlm (Fig. 260) and Opisthoteu-

0^^^ yf Ms (Fig. 300).

In the Decapoda a more secure

union between the mantle and

the funnel, during the expulsion

of the water useJ in respiration

Fig. 209.

Clenopteryx cyprinoicks, ventral aspect,
a, arms ; e, eye

; Ji, fins ; fu, funnel with
valve ; ol, olfactory organ or rhinopliore ;

so, socket of the funnel ; te, tentacular
arms. (After Joubin.)

Cirrhoteuthi.f mccngeusis, Hoyle (young speci-
men), ventral aspect. Ji, tin

; fu, funnel ; »i,

mouth. (After Hoyle.)

through the latter structure, is ensured by the ibllowing mechanism :

the free borders of the mantle bear on each side a cartilaginous pro-

jection (Fig. 272, /) which fits into a corresponding depression in

the funnel (Figs. 272, c ; 259, .so), the whole constituting the so-

called " resi.^ting apparatus " of foreign authors. In certain Oigopsida

of the family Cranchiidae (Cranchia, Leachia) and in the Octopoda

this apparatus is but feebly developed, and in Cirrhofcuthi.s, wliere

it Avould be useless, it has disappeared. Otherwise the funnel is

quite independent of the mantle : it is only in Amji/iifrcfiis among
the Cirrhoteuthidae that the mantle border is united to the

funnel by a ventral suture, leaving an opening into the pallial

cavity on either side. Similarly, in nrimahiiteufhis and Si/inplecto-



THE CEPHALOPODA 295

teutltis among the Oigopsida, there are two iiifuiulil)ulo-pallial

sutures.

In the Dibi-aiichia the mantle is a very muscular organ, which,

by its contractions, serves two purposes. By alternately and

rhythmically drawing in and forcing out the Avater that enters

the pallial cavity between the funnel and the border of the mantle,

it acts as an accessory respiratory organ, and b}'^ violently expelling

water through the funnel it acts as an efficacious locomotory organ,

causing the animal to execute sudden retrograde movements.

In the majority of Cephalopods with internal shells (Decapoda)

and in the Cirrhoteuthidae, the mantle is produced into lateral

symmetrical expansions or fins of various form and position (Figs.

253, 200, and 268, Ji). These organs always originate at the aboral

Fig. 261.

Two fossil XautilUh, left-side view. A, Ophirlioceras simpJcx, Ban-aiide ; A', mouth of the
shell ; B, I'teiwceras alutuin, Barrande. /.s, foot (arms) sinus ; i.s, infundibular sinus. (After

Barrande.)

extremity of the mantle (Fig. 290, (i) a)—even in Octopus, in which

genus they eventually disappear—as two triangular or rounded out-

growths. They remain localised at the aboral extremity in S2nrula,

in which genus they are situated close together at the point where

the two iialves of the mantle reunite ]>eliind the shell (Fig. 295). In

most other Oigopsida they arc still terminal and close together, but

they tend to shift further forward on the anterior or dorsal surface,

as in Tiionius (Fig. 253) and Ommatosirephfs (Fig. 297), and they

may be duplicated, the two fins on each side lying close together,

as in Griinalditcuthis (Fig. 258, Ji,fi") and VampyroteutJiis. But in all

other cases they diverge to take up positions opposite one another on

the right and left sides of the body, and show an increasing tendency

to occupy the whole length of the body, as in ThysanoteuiJiis, where

they are triangular (Fig. 298, B), and in Sepioteuthis, where they are

rounded. In Sepia the fins extend the whole length of the mantle.
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but are reduced so as to be of the same width throughout (Fig.

272, P). The fins of Ctenopteryx are similar, but are pectinated, that

is to say, they consist of a thin membrane supported by muscular

fibres (Fig. 2.59,^'). On the other hand, in species with a short and

globular mantle the fins are shifted away from the aboral extremity,

and are situated either in the middle of the body, as in Sepiola,

or even near the anterior end, as in CirrJio-

teuthis (Fig. 260).

Except in Nautilus (Fig. 270, /) and

Spirula (Fig. 268, jpa.c), where it is shallower,

the pallial cavity extends from its opening

behind the head to the aboral extremity

or summit of the body. It contains the

branchiae and the anal, renal, and genital

orifices (Fig. 272, Br, a, r, g). In some

Fig. 2G2.

Internal sliells of Cephalopoda. .1, .shell of
TlekniiKitnithi^ dtipiniana (Neocoinian). B, shell

of Si'piii Oi-hiijnyana. C, shell of Splrnlirostra

BdlardiiQUocpue); the specimen is cut so as to

show in section the chanibcierl shell and the
laminated "guard" deposited upon its surface;
D, shell ofSjiinila lae.vh. (After Lankester.)

Via. 203.

The chitinous internal
shell, orgladius.of Z,o/i<70,

the anterior part upper-
most. (From Lankester,
after Owen.)

forms it is divided longitudinally by a muscular junction between

the mantle and the visceral mass, starting from either side of

the anus : such is the case in the essentially littoral forms with

a short pallial sac, such as Sepiola and the Octopodidae. In

Opisfhof/'ufhh the pallial cavity is particularly narrow and shallow,

and the pallial sac scarcely projects ; in consequence of the diminu-

tion of the ventral flexure the animal is flattened and discoid (Fig.

300), and the anus has returned to the posterior position which it

occupies in primitive Mollusca.

Beneath the epithelium the integument contains, at least in
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the Dibranchia, chromatopliores or extensible pigment cells, whose

activity produces the remarkable colour changes characteristic of

these animals. The chromatophores are cells originally of ecto-

dermic origin, Avhich sink below the epithelium and l)ecome

connected with contractile radiating mesoderniic fibres. The
pigment cells are simple but multinuclear, since they contain

secondary nuclei situated at the bases of the muscular fibres.

Different cells contain difterent coloured pigment : 3'ellow, brown,

red, or blue in the Decapoda. Each cell exhibits a constant though

feeble tremulous movement, and may suddenly be extended, by a

reflex action, under the influence of emotion or excitation, or as a

more direct result of volition the chromatophores of the same colour

may assume a definite condition of contraction or expansion, Avhich

gives the body a tint analogous to that of surrounding objects. In

the latter case the action of the chromatophores is under the direct

influence of the cerebral centres of the nervous system, and section

of one of the optic nerves [>uts an end to voluntary changes of colour

on the same side of the body. The chromatophores are chiefly dis-

tributed over the anterior surface (or upper surface when the animal

is in its natural position) of the mantle, the head, and the external

sides of the arms. In the Decapoda there is, in addition to the

chromatophores, a layer of reflecting cells which give these animals

their iridescent hues.

In certain Oigopsida belonging to the zonary or deep plankton,

for example, HistioteiUhis, Calliteuthis, Jlistiopsi.^ Pteryriioteuihk, etc.,

the surface of the body bears luminous organs, all of which are

oriented towards the anterior extremity. The essential structure

of these organs consists of a deeper photogenous layer and of super-

ficial refracting elements. They may even extend into the interior

of the pallial cavity, as, for example, in rtrri/gioleufhis.

In the deeper parts of the integument the connective tissue is

often concentrated to form cartilage of analogous structure to that

of the Vertebrates, but characterised by the existence of processes

of the cartilage cells which ramify in the matiix and anastomose

with one another (Fig. 2G5). This cartilage is specially Avell de-

veloped in the head. In yin(tilii.-< there is a capito-pedal cartilage,

.shaped like a letter H (Fig. 2G4, A), which only supports the ventral

part of the nerve-centres, two of its branches extending into the base

of the funnel. In the Dibranchia the cephalic cartihige completely

encloses the central nervous system and the otocysts and is traversed

by the oesophagus (Fig. 2G8, c.c). In some cases the cephalic car-

tilage is produced into anterior expansions ; such are the pre-orl)ital

cartilages surrounding the eyes of Sepiii (Fig. 204, C). Various

muscles, notably the retractor muscles of the head, take their origin

from this " cranial " cartilage. There are also cartilaginous skeletal

elements in other parts of the bodv of various Cephalopoda. In
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Loligo, Sepia, etc., there ;ire elongated cartilaginous lamellae at the

bases of the fins. There is a nuchal cartilage at the base of the

neck of all the Dibranchia in which the mantle is not fused to the

head ; consequently this cartilage is absent in Scplola and the

Octopoda (Fig. 264, D). It servt-s for the insertion of the lateral

muscles of the funnel. Cartilaginous pieces also occur at the

internal extremities of the retractor muscles of the head and funnel,

and even in the. two branchial laminae (Srpia). In the Decapoda
there is sometimes a T-shaped Ijasi-brachial cartilage at the bases

of the arms on the anterior (dorsal) side of the head (Sepia,

Fig. 2G4, C) ; it is united to the cranial cartilage and serves for the

insertion of the brachial nmscles. Finally, the " resisting apparatus
"

Cartilaginous skeleton ofCe])lialopo(la. A, capito-peJal cartilage of Xautilui', ventral aspect.
(', ridge which supports the pcilal portion of the nerve-centre. J!, right-side view of tlie same ;

the large anterior processes are sunk in the muscular substance of th'^ funnel. C, cephalic
cartilages of Hepia officimdis. D, nuchal cartilage of Sepia ojtidnalis. (From Lankester, after
Keferstein.)

mentioned al)ove is formed by sub-epithelial cartilaginous projections

and depressions.

It has been shown that Lepidoteuthis, a form not yet sufficiently

well known, but apparently a meml)er of the Oigopsida, is ex-

ceptional in that the superficial portion of the integument gives

rise to a layer of hard, jirojecting, regularly disposed, imbricated

scales, lying above the chromatophores. In (Jdopus arlorescens

there are ran)ified and contractile tegumentary papillae.

In several Dibranchia the integument contains certain so-called

" aquiferous " cavities, which open to the exterior by special pores,

but have no communication Avith the circulatory system. In

addition to the pockets of the tentacular arms of Decapoda, there

are cejjhalic })ores on the back of the head and at the base of the

funnel in OcijIIkh', and l)uccal pouches on the ventral side of the
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inner base of the crown of arms : one such Iniccal pouch occurs in

LoUgo and two in Srpia, and they may play an accessory part in

fecundation. In some exotic species of Sepia there are pouches in

the mantle.

n. Anatomy.

1. Tlic AUnientuni Canal.—The digestive tube of Cephalopoda

comprises a buccal mass Avith two mandibles and a radula, a long

oesophagus, a muscular stomach with a pyloric caecum, and a short

intestine which turns forward and opens in the middle line below

the funnel (Fig. 252, 0).

The buccal aperture, situated in the middle of the pedal

appendages (Fig. 260, m), is surrounded by a circular lip garnished

with papillae. Further-

more, in the decapodous

Dibranchia there is a

buccal membrane which

may be very extensive

Fir:. 2e5.

Minute structure of tlie cartilage of Loligo.

a, simple, and b, dividing cells ; c, canaliculi ; tl,

an empty cartilage capsule, with its pores ; r,

canaliculi in section. (From Lankester, after
Fiirbringer.)

Fig. -'OG.

Mandibles of Xantiln.'',

in fitu, dorsal aspect.

l.m., lower or ventral
mandible ; u.m, upper or
dorsal mandible. (After
<>wen.)

and be divided into lobes alternating with the arms, and the lobes

may even be furnished with small suckers, as may be seen in some
species of LoUrjo.

The buccal cavity or pharynx has very thick muscular Avails.

Internally it is provided Avith tAvo poAverful mandibles, one ventral

and the other doi-sal (Fig. 266) ; the tip of the ventral mandi])le

oA-erhangs that of tlie dors.d, forming a beak like that of a i)arrot

(Fig. 26.'^, /•»?, '////)• These mandibles have recurved inscriion-plates,

to Avhich the large muscles fonning the greater part of the mass of the

buccal bulb are ;itlached. In Nnntilns tlie trenchant borders of the

mandibles are covered by a calcareous deposit (Fig. 266), and the

fossils knoAvn by the name of Ji/n/nrliolifhs are nothing else than

the beaks of Tetrabranchia ; for instance, Jihi/nchoUlhcs Itinindo is the

beak of Temnocheilus bidorsnfiis, of the Trias.
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As in the Amphineura, the Gastropoda, and the Scaphopoda, the

floor of the buccal cavity is occupied by the anterior part of the

radula, which issues from a pharyngeal caecum. Each transverse

series of this radula is formed by a median tooth, with three

symmetrically disposed teeth on either side ; the only exceptions

to this rule being

—

Nautilus, which has four teeth on either side

(Fig. 267, A); Gonatus, which has only two teeth on either side;

the Cirrhoteuthidae, which have no radula and have therefore been

named Leioglossa. In front of the radular prominence is the

so-called "tongue," a fleshy projection (Fig. 268, to) covered by a

Fig. 267.

Radula of Ceplialopoila. A, a single row of lingual teeth of XavtiluspompUhts ; J3, two rows
of lingual teeth of Stpia officinalis; C, lingual teeth of Eledone cirrliosq, (From Lankester,

after Keferstein, Troschel, and Loven.)

somewhat thick papillated cuticle : it corresponds to the sub-radular

organ of other AloUuscs.

The salivary glands, of which two pairs are present in many
Cephalopoda, pour their secretion into the buccal cavity. In

Nautilus there are no posterior salivary glands, but on each side of

the buccal cavity there is the orifice of a gland situated in the

buccal wall and corresponding to the anterior salivary glands of

the majority of the Dibranchia. In the latter order all the Decapoda

have posterior salivary glands, situated fairly far forward opposite

the cephalic cartilage (Fig. 268, s.g) : the}' are compact, acinous,

almond-shaped structures composed of convoluted and bifurcated

tubes ; their ducts unite inimcdiatcly they leave the glands to

form a single median duct, which runs alongside of the oesophagus

and opens, like the duct of one of the pairs of glands in the

Aplacophora, at the summit of the sub-radular organ. The anterior
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paix" of salivary glands is relatively slightly developed, and is

conspicuous only in the Oigopsida (Spinda, Ommatostrephidae, Fig.

282, II, Oiujchoteutlns, Veiani/a, Gonatu^, etc.). In the Myopsida,

however, there is an unpaired intra-bulbar glandular mass, lying

behind the radula at the entrance of the oesophagus, and this

corresponds to the embryonic condition of the anterior salivary

glands of the Oigopsida and Octopoda. The last-named have also

two jiairs of Avell-developed salivary glands. The anterior pair

consists of two flattened acinous glands attached to the posterior

surface of the buccal bulb, their short ducts opening on either side

into the postero-lateral part of the pharynx. The topographically

posterior or abdominal glands are absent in Cirrhoteufhis, but in

other Octopoda they are present, and are relatively larger than the

similar paii- in the Decapoda, but have the same structure and
relations, save for the fact that they are situated farther back near

the oesophageal proventriculus. The secretion of the posterior

salivary glands of the Octopoda contains a proteolytic ferment and
is poisonous ; the secretion of the corresponding glands of Sepia

contains, in addition, a diastatic ferment.

In addition to the salivary glands proper, all theDibranchia possess

a sub-lingual gland in front of the sub-radular organ. It is of small

size and is formed by the infolding of the epithelium of this region.

The oesophagus is long in all the Ceplialopoda, and it may be

enlarged to form a crop or proventriculus : this enlargement is

gradual in Nautilus (Fig. 270, oe, cr), abrupt in the Octopoda, with

the exception of Cirrhoteuthis, but in the Decapoda the oesophagus

is of the same diameter throughout (Fig. 2G8, oe). The true

stomach is a more or less globular or elongated pouch, with fairly

thick muscular walls, and is situated at the sunmiit of the visceial

mass (Fig. 271, giz:) : its two orifices, the cardiac and the pyloric,

are anterior.

At the initial part of the intestine, close to the stomach, is a

thin-Avalled caecal diverticulum of various shape. It is spherical in

N'autiliis, Ptosmi, and Leachin, elongated and much larger than the

stomach in DAigo, but it is more frequently coiled in a spiral,

like the spiral caecum of sundry rhipidoglossate and other Gastro-

poda ; such is the case, for example, in Spirilla (Fig. 2G8, p.n),

Ommatostrephes (Fig. 269, e), Sepia, and the Octopoda. The hepatic

ducts open into the stomachal caecum.

The liver is formed by two symmetrical glands, which are

separate from one another during development (Sepia), but are

generally partially fused together in the adult. This organ
exhibits its minimum state of concentration in Xaudlus, consisting

of four lobes, each with its proper duct. In the Dibranchia the

liver is more compact and consists of two lateral lobes, which are

only united to a small extent near the middle of their length in
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Bossia and Sejna, but are much more intimately united in Sepiola,

and are almost entirely fused together in Spirida (in which genus

Spirula, a nearly median sagittal section, seen from the left side, a, anus ; ar, arms ; a.f,

aboral fossa; /*.(', "bile-duct; c.c, cephalic cartilage; eg, cerebral ganglion; d.m, dorsal man-

dible ; f.c, funnel collar ; fi, fin ; /», funnel ; f.'), ink-bag ; ii, lip ; liv, liver ; »i«, mantle ; ma',

shell secreting part of the mantle ; oe, oesophagus ; o.ri, optic ganglion ; ot, otocyst ; j>a.c,

pallial cavity; p.f/, pedal (brachial) ganglion ;
pii, "pancreas"; p.s, pyloric sac; ra, radula

;

.v.y, salivary gland ; gh, shell ; si, shell siphuncle ; fp, last septum of the shell ; st, stomach ;

t, tentacular arm ; t.d, pallial terminal disc; to, tongue ; v.m, ventral mandible; t'.ii, visceral

nerve ; v.b, white body. (Alter Huxley and Pelseneer.)

the liver is partly contained in the last chamber of the shell, Fig.

268, Hi'), in Onychoteuthis, Ommalostrephes, Loligo, and the Octopoda,

with the exception of Argonauta. In these last cases the liver
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appears to be an undivided ovoid or globular mass, but it is

traversed by the oesophagus, and its double origin is further demon-
strated b}- the hepatic ducts, which are two in number, in all the

Dibranchia. In the I)ecapoda tlie hepatic ducts are long (Fig.

268, h.d) and traverse the kidneys ; in the Octopoda they are short.

In the former sub-order the ducts are covered by the so-called

"pancreatic" glandular follicles, whose structure is a little different

from that of the liver (Fig. 2GS, ]ni). In the Octopoda these

follicles are situated only on the initial part of the hepatic ducts

and are nearly buried in the mass of the true

liver. Digestion is wholly effected in the

muscular stomach by the action of the trypsin

secreted by the liver and by the diastatic

ferment secreted both by the liver and the
" pancreatic " follicles.

The intestine is relatively short and of

uniform diameter. In Xautilus and the Octo-

poda it is slightly sinuous, but in the Decapoda
it is straight. The anus is situated in the

middle line towards the anterior part of the

pallial cavity (Fig. 272, a), and is often fur-

nished with lateral valves. With the exception

of XaH(ilu.<, Cirrhofeuthis, Octopus ardicus, and

0. piscatonun, all the Cephalopoda, including

the fossil Belemnites, have an ink-sac, consisting

of a highly-developed rectal caecum developed

early in embryonic life from the dorsal wall of

the intestine and opening into the extreme

terminal part of the rectum. This sac is made
up of a deeper part, or gland proper, the cavit}'

of which is septate, and a reservoir, into which OMmatnstrephes sagutatus;

the glandular part opens by a very small

orifice : the reservoir specially well developed

in the Decapoda. This ink-sac occupies a some-

what superficial position to the side of the

visceral mass. In some species of Sepiola it is

trilobed, two lateral accessory organs being

joined to it. It extends to the posterior ex-

tremity of the body in Sepia (Figs. 271, i.s ; 272, t), and is buried

in the superficial part of the liver in all the Octopoda except

Argoniiuta. The Cephalopoda are able, at will, to expel the

secretion contained in the reservoir of this anal gland through the

funnel, and thus conceal themselves by producing a dense cloud in

the water. An oxydising diastase, called tyrosinase, is concerned in

the production of the secretion, the latter being known as melanin.

2. Circulatory Apparatus.—The Cephalopoda, or at any rate the

Fio. 269.

Alimentary caual of

the buccal mass is omitted.
«, iuk-bag ; b, its opening
into the re(^tum ; c, com-
mencement of the caecum ;

e, spiral portion of the
caecum ; oc, oesophagus ;

r, the stomach opened
longituiliiially ; x, ]>robe
jiassod through the pylo-
rus. (From Lankester,
after Home.)
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Dibranchia, have a more complete and perfect circulatory system

than other Mollusca, the blood being nearly entirely contained in

true A'essels.

The heart is situated somewhat superficially near the middle of

the posterior or physiologically ventral surface (Fig. 252, /t). It lies

in a pericardial cavity (Fig. 252, coc), except in the Octopoda, in

which sub-order this cavity is much reduced (Fig. 278, ca). The
essential part of the heart is the median ventricle (Fig. 277, vnn), the

lateral and symmetrical auricles being nothing more than simple

Fig. 270.

Diagram representing an approximately median sagittal section of a female Xatiiilxis

pomplliiif. Tlift parts which are quite black are the cut muscular surfaces of the foot aivd buccal
mass, a, theshell; a«,anus; rtJj.c, aftereut branchial vessel ; b, the nuchal plate ; e, the integu-

ment covering the visceral hump; cr, crop; (/, the mantle flap or skirt in the dorsal region,

where it rests against the coil of the shell ; e, the inferior margin of tk§ mantle-skirt restin<»

on the lip of the shell represented by the dotted line ; e.b.v, eH'ereut branchial vessel
; /, the

pallial chamber with two of the four gills ; g, tlie vertically cut median portion of the funnel

;

i/izz, gizzard ; h. the capito-peilal cartilage ; i, the valve of the funnel ; int, intestine ; /, the
siphuncular pedicle (cut short) ; m, the hood or dorsal enlargement of the outer lobe of the foot

;

n, tentacles of the outer lobe ; n.c, nerve-collar ; nept, aperture of the kidney ; ni, nidamental
gland ; oe, oesophagus ; p, tentacles of the inner inferior lobe

; q, buccal membrane ; r, upper
Jaw ; r.e, renal glandular masses on the walls of the att'erent branchial veins ; s, lower jaw ; /,

radula ; vt, ventricle of the heart ; x, the viscero-pcricardial sac. (After I^ankester.)

contractile expansions of the efferent branchial vessels (Fig. 277, au).

In NautiUm there are four such auricles, returning blood from the four

branchiae, but in the Dibranchia there are only two. In general the

ventricle is slightly asymmetrical, except in Nautilus (Fig. 274, vent),

in which it is transversely elongated, and in Loligo, in which it is

elongated antero-posteriorly. The enti'ances of the auricles into the

ventricle and origins of the aortae from it are guarded b}'^ valves.

The aortic vessels consist of—(1) a cephalic or principal aorta, which

runs forward (Fig. 277, a.a) and supplies the whole of the anterior

part of the body with blood
; (2) a posterior or abdominal aorta, which

is smaller, especially in the Octopoda, and carries blood to the
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l^osterior part of the mantle, including the siphonal prolongation of

jVautilas and Spirida and the fins of the various Dibranchia
; (3) a

small genital artery, which may originate from the abdominal aorta

(Fig. 277, g.a), or separately from the ventricle: it may even be

triple, as in Nautilus, where there is one artery for the gonad, one
for its duct, and one for the homologue of the duct, the pyriform

appendage.

In Xautilus the circulation is partly lacunar, except in the

integuments, but in the Dibranchia the vascular apparatus is

remarkably perfect, and sinuses are, as a rule, absent, the blood

passing from the arteries into the veins through the intermediary

of capillary vessels provided ^vith an endothelium. Nevertheless,

oub.v.

apj,.

Vr.h.

TUixi-viscper.
apert.

Fio. 271.

Diagram representing an approximately median sagittal section of Sepia officinalis ; this
drawing is intended to be compared with the foregoing one. o, internal shell ; (t.h.v, afferent
branchial vessel ; an, anus ; aiqi, appendage of the branchial heart ; h, nuchal cartilage ; hr.h,

brancliial heart ; c, tlie integument covering tlie visceral hump ; <:r, crop ; d, tlie leftctenidiura ;

d, the reflected portion of tlie mantle-skirt forming the sac which encloses tlie shell ; f, the
inferior margin of the mantle-skirt; e.li.v, etferent branchial vessel; /, the pallial chamber; g,
the vertically cut median portion of the funnel ; gizz, the gizzard ; i, the valve of the funnel

;

i.s, ink-bag ; m, the two upper lobes (arms) of the foot ; n, the long prehensile arms ; n.c, the
nerve-collar; n.n.a, aperture of the left kidney; o, the fifth or lowermost lobe (arm) of the
foot ; p, the third arm ; 7, buccal membrane ; re, renal glandular mass ; s, the lower jaw ; t, the
radula ; v, theupper.jaw ; tic (iJ, ventricle of the heart ; visc.pcr.apcrt, viscero-pericardial aperture

;

X, the viscero-pericardial siic. (After Lankester.)

in the Octopoda there is a large venous sinus on the course of the

blood returning to the gills : this sinus surrounds the oesophagus

and salivary glands, the hepatic ducts, the anterior aorta, etc., and
communicates b}'^ a large venous trunk with the great vena cava

which carries to the gills the greater part of the blood coming from
the body. In X((utiln.'< the whole visceral cavity is a vast blood-

sinus communicating with the vena cava by a number of perforations

in the walls of the latter vessel, in the same manner as, in Aphisia,

the abdominal sinus communicates with the aflerent branchial vein.

The vena cava of Cephaloi:)ods consists of a principal trunk directed

antero-posteriorly : this trunk in Nautilus (Fig. 274, v.c) is divided

into four, and in the Dibranchia into two afferent branchial veins,

each of which is joined by a pallial and an alxlominal vein (Fig.
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111 , v.c, p.v, ah.v). Each afferent branchial vessel and the terminal

portion of each abdominal vein is enclosed in the cavity of a kidney

and is covered externally by an excretory glandular coat (Figs. 273,

a.r ; 211, s.b) Avhich forms the "spongy body" or essential part of

kidney (see below). Except in NaiUihis, each afferent vessel is

Fig. 272.

Ventral view of a male Sepia, obtained by cutting longitudinally the firm mantle-skirt, and
drawing the divided halves apart, n, anus ; Br, the single pair of ctenidia ; c, cartilaginous
socket in the funnel, to receive c', the cartilaginous knob of the mantle-skirt,—the two con-
stituting the "pallial hinge apparatus"; C, the head; g, the azygos genital papilla and
aperture ; i, the valve of the funnel ; J, tlie funnel, wliich has been cut open ; in, retractor

muscle of the head and funnel ; P, the tins ; 7; renal papillae ; S, the glandular tissue of the
left kidney, whiclihas been cut open ; t, ink-bag ; %\br, branchial efferent vessel ; v-bf, bulbous
enlargements (auricles) of the branchial vessels. (From Lankester, after Gegenbaur.)

expanded at the base of the gill into a contractile glandular swelling

known as the " branchial heart," which is also provided with a gland-

ular appendage, the homologue of the pericardial gland of other

Mollusca (Fig. 277, b.h, a.p). Both branchial heart and appendage

are contained in the coelom (Fig. 273, c.v) in the Decapoda, but in

the Octopoda only the appendage of the branchial heart is sur-

rounded l)y the pericardial cavity (Fig. 278, ca). In addition to the
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branchial hearts, a large part of the venous system is contractile,

and this is notably the case with the vena cava and its two afferent

branches.

The venous blood is blue through the presence of haemocyanin,

which becomes colourless on oxidation (oxyhaemocyanin). The
pressure of the blood in the arteries of the Cephalopoda is very

considera])le and exceeds that of some Vertebrates : in Octojnis it

amounts to eight centimetres of mercury. In the head of the

ci-I^

I /

/ ,'

Fig. 273.

Diagram of the renal sacs, and the veins which run through them, in Sepia officinaU.'! ; ventraf
view, the upper wall.s of these sacs are supposed to liave been removed, a.r, glandular renal
outgrowths ; c.li, branchial heart ; c.i; cajisule of the branchial heart ; np, external aperture of
the right renal sac ; r.d.v.c, right descending branch of the vena cava ; r.s.v.c, left descending
branch of the vena cava ; v.a.il, right abdominal vein ; v.a.s, left abdominal vein ; v.b.a, vein
from the ink-bag ; v.c, vena cava ; r.g, genital vein ; v.vi, mesenteric vein ; v.p.d, right ])allial

vein ; r.p.a, left jtallial vein ; w.k, viscero-pericardial sac (dotted outline) ; x, appendage of the
branchial heart ; y, y', the left and right reno-pericardial orifices. (From Lankester, after
Vigelius.)

Dibranchia there is a lymphatic gland near each eye : this gland is

known as the "white body" (Fig. 268, w.b) and is the remains of

a degenerate portion of the central nervous system of the embryo.

The branchiae or ctenidia are situated in the pallial cavity on

either side of the visceral mass. They originate posteriorly in the

embryo, between the mantle and the foot (Fig. 257, gi), and after-

wards sink in towards the bottom of the pallial cavity where their

axes are inserted (Figs. 272, Br; 276), their free ends pointing

towards the head. Nautilus, the only living representiitive of the
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Tetrabranchia, has tAvo pairs of iDranchiae (Fig. 276). All other

Cephalopods have a single pair of branchiae, and thus constitute the

order Dibranchia, much richer in living species than the Tetrabranchia.

The bi^anchiae are bipectinate (Fig. 272, Br), but in some Dibranchia

the two sides of the organ are somewhat unequal in size. A
branchia is composed of lamellae -w^hose number varies in different

forms, being least in the Octopoda, in which the axial branchial cavity,

separating the two rows of lamellae, is excessively developed.

Each branchial lamella is thrown into transverse folds, which are

in turn folded, so that the respiratory surface is largely increased.

Fig. 274.

Diagram sliowing the relations of the four iiephridial sacs, the visqero-pericardial sac, and
the heart and large vessels in Nautibis : ventral view, a.b.v, advehent branchial vessel ; a.o,

cephalic aorta; e.v.b, eft'erent branchial vessel; neph, the two left renal sacs, each with its

independent aperture; r.e, glandular enlarged walls of the advelipnt branchial vessels (two
small bodies in each renal sac ; and one large body on each of the four vessels, in the viscero-

pericardial sac) ; v.c, vena cava ; vent, ventricle of the heart ; t^isc.per.apert, arrow introduced in

the left aperture of the viscero-pericardial sac ; x, viscero-pericardial sac (the dotted line indi-

cates its backward extension, vide Fig. 270, .t). (After Lankester.)

The branchiae are not ciliated, as they are in other jMollusca, the

contractions of the muscular mantle sufficing to produce a current of

water sufficient for respiration. The rate of the respiratory move-

ments of the mantle is variable, and is generally quicker in the

Decapoda than in the Octopoda.

In Nautilus (Fig. 276) the branchiae are free throughout their

extent, but in the Dibranchia they are attached dorsally to the

mantle by their afterent borders (Fig. 272). A special glandular

organ, whose function is not exactly known, is situated along the

line of attachment : it receives the blood which, having circulated

through the nutrient vessels of the gill, has to pass through the

kidney along with the venous blood from the mantle, to be returned
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thence into the respirator}^ vessels of the branchia for oxygenation

before it is finally carried to the heart.

3. Excretory Apparatus.—The coelom of the Cephalopoda is very

extensive. It comprises the gonocoele and the pericardial coelom
;

these cavities communicate freely with one another (Fig. 252, coe)

and are only separated by an incomplete septum, which is atrophied

in Sepia. In Nantilns this coelom extends into the aboral region of

the body and its genital division—which communicates with the

pericardial division by three orifices in the septum—passes into the

dorsal region and extends nearly as far forward as the middle of the

icph.ji.

visajjc i:

View of tlie ventral surface of a male Xantilus, the mantle-skirt bein^' completely reflected

80 as to show the inner wall of the sub-pallial cliamber and the four ctenidia and the foot cut
short, n, muscular band, passiuf; from the funnel to the integument ; an, anus ; c, mantle-
skirt ; l.sp, aperture of tlie rudimentary left sperniiduct ; neph.(t, aperture of the left anterior
kidney; rtcp/i.p, aperture of the right ]iosterior kidney; alf, protective papilla of the osphra-
dium ; pe, penis ; viscpir, left aptnture of the viscero-pericardial sac ; .', post-anal papilla.

(After Lankester.)

oesophagus (Fig. 270, .»). But the pericardial coelom is a flattened

ventral cavity situated immediately beneath the body-wall : it contains

the heart with its four auricles (Fig. 274) and the pericardial glands

or portions of the follicular glandular appendages of the branchial

vessels. In the Dibranchia, the coelom of the Decapoda contains

the heart, the gonad, and the l)ranchial hearts with their glandular

appendages (pericardial glands. Fig. 27.3, c.h, x), but it is so much
reiluced in the Octopoda that it contains only the gonads and the

appendages of the branchial hearts, its anterior part having dis-

appeared (Fig. 278).

In the Decapoda the coelom forms a vast pouch, with a

constriction between the posterior or genital division and the

anterior pericardial division, and it is produced into lateral annexes
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for the lodgment of the branchial hearts (Fig. 273, c.v). In the

Octopoda the anterior division no longer exists ; the genital capsule

is connected with the capsules of the appendages of the branchial

hearts by long canals (Fig. 278, a.d), and even these are suppressed

in Philonexis and Argonauta.

In all Cephalopods each of the two divisions of the coeloni is in

open communication with the exterioi'. In the Dibranchia this com-

Fio. 270.

View of the ventral suriace of a female KavtUm, the mantle-skirt being completely reflected

SO as to show the inner wall of the snb-pallial chamber (compare -with Scp'm, Fig. 27'2). a,

muscular band jiassing from the funnel to the integument ; (oi.anus; ?), valve of the funnel

;

c, the mantle-skirt retroverted
; g.n, nidamental gland ; Lor, aperture of tlie rudimentarj- left

oviduct; neph.n, aperture of the left anterior kidney; neph.p, aperture of the left posterior

kidney; olf, protective papilla of the left osphradium ; r.ov, aperture of the right oviduct

;

visG.per, left aperture of the viscero-pericardial sac ; x, post-anal papilla. (After Laukcster.)

munication is effected through the kidneys : there is a reno-peri-

cardial canal on either side which opens into the cavity of the kidney,

more or less close to its external orifice (Figs. 273, // ; 277, r.}'). But

in Nautilus the pericardium opens directly to the exterior by means

of two symmetrical orifices situated close to the posterior renal

apertures (Fig. 276, visc.jKr) ; these must be regarded as the orifices

of the reno-pericardial ducts which have migrated to the surface.

In the Octopoda, in which the pericardial division of the coelom
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has disappeared, the anterior extremities of the capsules of the

branchial hearts communicate with the kidneys (Fig. 278, ?'.|j).

The renal capsules are thin-walled and somewhat voluminous

sacs in all the Cephalopoda. In XautUi(S they are four in number, are

ventral and superficial, and have no communication with one another

or, as has been explained, with the ])ericardium. Each of the four

capsules has its own simple slit-like orifice (Figs. 275 and 276,

neph.a, neph.p), and each contains a small portion of the glandular

appendages of the afterent branchial vessels, the appendages being

formed by ramifications of these same vessels, covered by an

excretory renal epithelium. The appendages situated on the other

Heart, kidneys, and k'Hs of Spirula, ventral asi)ect. a.n, anterior aorta ; <Oi.v, abdominal
vein; a.p, branchial heart-appendage ; a.v, afterent branchial vessel; au, heart-auricle; h.h,

branchial heart ; h.n, brancliial nerve ; e.f, efferent liranchial vessel
; g, gill ; g.a, genital artery;

i, junction of the visceral nerves ; k, kidneys ; fc.o, kidneys opening ; p.a, pallial arteries ; p.v,

pallial vein ; r.p, reno-pericardial opening ; s.b, spongy renal glandular bodies ; v.c, vena cava
;

veil, lieart-ventricle : v.n, visceral nerve. (After Huxley and Pelseneer.)

side of these vessels, in the pericardial coelom, are also excretory

organs, and constitute the pericardial glands.

In the Dibranchia there are two renal capsules, also ventral and
superficial ; these tw^o kidneys are attached to one another in the

median line in the Octopoda, and they communicate to a greater or

less extent with one another in the Decapoda, with the exception of

Spirula (Fig. 277, k). In the majority of the Decapoda the renal sacs

extend as far as the lower surface of the shell, on the anterior or

physiologically dorsal side, and are traversed in this region liy the

hepatic ducts. Each contains one of the two divisions of the vena

cava (Fig. 273, r.s.r.c, r.d.v.c) as well as the terminal i)art of the

abdominal vein. All these vascular trunks are covered by spongy

glandular appendages (Fig. 273, ((./•), whose structure is similar to

that of the corresponding parts of the renal organs of Nautilus; these

appendages constitute the secretory portion of the kidneys. The
external orifices of the renal sacs of the Dibranchia are situated
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at their cephalic extremities ; they are symmetrically disposed on

either side of the rectum (Fig. 272, ?•), on the somatic Avail of the

pallial cavity, and are more or less close to the pallial aperture,

being further from the aperture in Onmatodrephes (Oigopsida) than

in Sepia (Myopsida). In the Decapoda Myopsida the renal orifices

are situated on prominent papillae.

The excretory products of the Cephalopoda consist, in part at

least, of solid concretions, and do not contain uric acid, but chiefly

guanin.

The appendages of the branchial hearts of the Dibranchia (Fig.

273, x) correspond morphologically with the pericardial glands of

other Mollusca. The glandular investment of the branchial hearts

is also excretory, experi-
o.a

Fig.

ment having shown that it

plays the same jDhysiological

[)art as a pericardial gland.

4. Nervous System.—In

all the Cephalopoda the

essential parts of the

nervous system are cen-

tralised in the head, round

the initial part of the oeso-

phjigus (Fig. 271, n.c). In

Nautilus the concentration

of the nerve-centres is less

Diagram of the coelom of a female Octopod, as seen
from the ventral side, a.d, the so-called aquiferous
duct; a.j:), appendage of the branchial heart; h.h,

branchial heart ; ca, capsule of branchial heart
; ^.c,

genital coelom (gonocoele) ; o, ovary ; o.d, oviduct ; than in the Dibranchia, each
o.g, oviducal gland ; o.o, oviducal orifice ; r.p, reno- . p •

i -^

pericardial orifice. (After Brock.) pau^ 01 Centres With itS COlll-

missure being represented

by a ganglionic half-hoop. Of the three half-hoops forming the

central nervous system, one, the cerebral, is dorsal, aiid the two others

are continuous Avith it and ventral. The more anterior ventral half-

hoop is the pedal centre, the more posterior the visceral. The pedal

centre innervates the funnel and the circumoral appendages, the pedal

origin of these organs being demonstrated by this innervation in

the adult. In the female each of the two large nerves passing to

the interior ventral series of tentacles bears a large ganglion at the

point where it breaks up into branches to supply the supposed

olfactory or lamellar organ (Fig. 280, x, y). The .visceral centre

gives off nerves to the mantle, the branchiae, and the viscera, the dis-

tribution of these nerves being analogous to that of the Dibranchia

described below. Finally, tiie dorsal or cerebral centre gives oft' nerves

to the eyes, the otocj'sts, the lips, etc. A labial commissure is also

present, arising by a double root (Fig. 279, YIII) from the cerebral

centre and passing below the sub-radular organ ; and as is the

case in the Polyplacophora, the Aspidobranchia, and the Scaphopoda,

the stomato-gastric commissure arises from the labial commissure in
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all Cephalopods. In XaiitUits the stomato-gastric commissure passes

under the pharynx immediately behind the radula and bears a

buccal ganglion (Fig. 279, VII) on either side.

In the Dibranchia the nerve-centres are much more completely

enclosed in the cartilaginous cephalic capsule than in Xanfilus, and

consequently many nerves—notably the pallial nerve—traverse the

cephalic cartilage at their origin. The cerebral centres themselves

appear externally to be unpaired, and in the Decapoda they are

divided transversely into a small anterior (Fig. 282, III) and a

large posterior lobe, the latter being separated by some considerable

distance from the former in various Oigopsida, such as Ommato-

strephcs (Fig. 282, IV), Spirula, etc., but the distance is less in Sepiola

VIII

Fig. 27;>.

Nautilus, central nervous system, left-side view. I, radula ; II, stomato-gastric commissure

;

III, cerebral ganglion, with the optic nerve iu section ; IV, visceral ganglion ; V, oesophagus ;

VI, ppdul ganglion; VII, stomato-gastric ganglion; VIII, root of the labial commissure; IX,
labial commissure ; X, "tongue" ; o, otocyst.

and Lolifjo, and is very small in Sqmi. These two lobes are united

by a pair of slender connectives, which are sometimes fused together

for a certain distance. In the Octopoda, on the other hand, the

cerebral mass is apparently single, the two lobes above mentioned
being intimately fused together, and their limits are barely indicated

by a transverse furrow, behind which is the posterior lobe with six

longitudinal furrows on its surface. The cerebral centres of all the

Dibranchia give off a large optic nerve on either side, each nerve

expanding to form a very large ganglion, whose size is greater than

that of the whole mass of the cerebral centres. As in JVautihis, a

labial commissure is given off from the anterior part of the cerebral

centres (Fig. 279, IX), and the stomato-gastric commissure originates

from the labial commissure. Finally, the cerebro- pedal pair of

connectives issues from the anterior part of the cerebral mass

;

these connectives are simple in the Octopoda (Fig. 281), but in the
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Decapoda there are two on each side, namely, the cerebro-pedal and

the cerebro-brachial. The ventral or sub-oesophageal nervous mass

is formed by the visceral and pedal centres : these are fairly closely

united together (as they are, for instance, in Helioi), and are only

separated in the middle line to admit of the passage of an aortic

vessel which runs dorsad of the visceral and ventrad of the pedal

centres ; a similar arrangement occurs in sundry Gastropods.

The pedal ganglia are divided transversely into tAvo distinct pairs,

the anterior or brachial and the posterior or pedal ganglia proper

Diaj,'raiii of llie nervous system of a female Nautilus pompiliits, ventral aspect, cer, cerebral

gaiit;lion ; m, nerves to the mantle ; n.iiif.hr, posterior branchial nerve ; n.olf, olfactory nerve

ternunatinj; under the olfactory papilla ; n.sxqi.hi; anterior branchial nerve ; n.visc, genito-

branchial nerve, or chief visceral nerve ; n.x, nerve accompanying the vena cava, which lies

between this and the similar nerve of the rii^lit side ; olf.p.p, the right olfactory papilla ; opt,

optic ganglion ; oc, the oviduct ;
jJfrf, pedal ganglion ; pi, pallial part of the visceral ganglionic

commissure; .i- and y, ganglion-like enlargements on pedal nerves to the median lobe of the

inner circlet of the circumoral tentJicular lobes. (After Kay Lankester and Bourne.)

(Fig. 282, XII, XIV). This division is most marked in the Oigopsida

(OinwafostrepJiet<, Spinda, Fig. 268, p.g, etc.), but is less marked in

Sepia. In all the Decapoda the brachial centres are divided anteriorly

into ten large nerves Avhich pass into the arms, and anastomose with

one another at their bases. These centres also have connectives

joining them to the anterior and the posterior cerebral lobes (Fig.

282). In the Octopoda the brachial and pedal centres are much

more closely approximated (Fig. 281), and the former naturally give

off only eiiiht nerves to the eight arms. The brachial nerve-centres

extend, together with the arms which they innervate, round either

side of the oesophagus, and in the Octopoda they meet dorsally and
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are united by a thin supra- oesophageal commissure in the adult.

The pedal centres proper supply nerves chiefly to the funnel, and
thus correspond to the dorsal moieties of the pedal cords of

Rhipidoglossa which innervate the epipodium ; but they also send

fibres to the brachial nerves, and therefore, in conjunction with

the brachial ganglia, control the locomotory functions.

The pleural centres lie on the sides of the posterior part of

the sub-oesophageal mass ; they are but little difterentiated and
scarcely visible externally, and they give off the two great pallial

nerves (Fig. 281,^V). The visceral

centres are situated on the ventral

side of the mass, and give off the

large visceral nerves, which arise

separately in Spirilla and the

Octopoda, but are more or less

fused at their origin in Ommato-

strephes, Sepia, etc. The pallial

or "stellate" ganglia (Fig. 281,

gang.stell) are secondary centres

on the course of the pallial nerves,

and are situated on the internal

wall of the mantle near its an-

terior or dorsal border. These

ganglia are connected by a trans-

verse supra-oesophageal commis-

sure, which is slender and is

formed by the union of the two
nerves of the pallial siphon in

Spirula, is larger in sundry other

Oigopsida (Omnmtosfrephes, Ont/-

choteuthis, Enoploteufhis, Gonafus,

Veranya, Thi/sanofeuthis), is re-

duced in Lolifjo, and is absent in

the adult Sepiola. This commis-

sure, together with the two fused

nerves of the pallial siphon of

Spirula, represents the two primi-

tive pallial nerves, and is the

Fio. 281.

hateral view of the nervous centres and
nerves of the rijiht side of Ortopus vnlgaris:.

h.g, buccal gan^jlion ; cer, cerebral f;aii;;lion ;

tjinici.steU, the rij^lit "stellate" pallial gan-
iiWow ; n.hr, brancliial nerve ; n.olf, its suj)posed

, , f 1 11- 1 1 olfactory branch; n.visc, the right visceral

nomologlie 01 the pallial cords, nerve
;

peU, pedal ganglion ; pi, pleural

., v^,! I _ • 11 ganglion; i-isc, visceral ganglion. (Aft<!r Lan-
united by a commissure dor.sad kester.)

h h
\

of the intestine, of Amphineura
;

whereas the large pallial nerves of

structures, evoked by the great

borders, which are reflected over

and give rise to the fins, etc. In

are also united by a commissure

the Dibranchia arc neogenetic

development of the mantle

and finally enclose the shell,

some cases the visceral nerves

the form of a transverse
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bend lying near the bifurcation of the vena cava on the dorsal side

of the rectum : this commissure may be seen in Spinda (Fig. 27 7, j),

Sepia, and Eledone, and in Omiiiatostrephes it bears a large ganglion,

known as the ganglion of the vena cava. In Ommatodreplws,

Eledone, etc., there is yet another secondary nerve-centre at the

origin of the brachial nerve.

The stomato-gastric system of the Dibranchia consists of a pair

of conjoined ganglia situated below the oesophagus and immediately

behind the buccal bulb (Fig. 282, XlII) ; these ganglia are united to

the cerebrals (the anterior lobe in the Decapoda) b}^ the intermediary

of the labial commissure, as has been described above. They give

off nerves to the alimentary canal, these nerves extending as far

as the stomach, where they enter a large ganglion, an offshoot from

which anastomoses with the visceral nerve.

The structure of the nerve-centres of the Cephalopoda resembles

that of other Molluscs ; they consist of a thick and continuous

superficial layer of nerve ganglion cells Ijeneath which is a fibrillar

reticulum formed by the terminations of the centripetal nerve fibres

and the prolongations of the superficial ganglion cells. These

fibrillar centres are united by fibrillar connectives—namely, the

cerebro-brachial, the cerebro-pleural, the pleuro-pedal, the pleuro-

visceral, and the pleuro-brachial—many of which are short and

covered over l)y the continuous layer of superficial ganglion cells.

The Cephalopoda are well provided with sensory organs, possess-

ing, in addition to the tactile structures, rhinophoi'es, statocysts,

and well-developed eyes. The sense of touch is more particularly

localised in the arms of the Dibranchia and the tentacles of the

Tetrabranchia.

In all the Cephalopoda there is an olfactory organ situated near

and below the eye on each side of the head. In sundry Oigopsida,

such as Cheiroteuthis, Ctenopteryx (Fig. 259, ol), it is a projection, some-

times pedunculated as in Cheiroteuthis and Doratopds ; in Nautihs

it is a cavity hollowed out in a tubercle ; more generally it is a

simple fossa of greater or less depth, as is the case in Sepia and

the majority of the Dibranchia. The epithelium of this organ

contains numerous sensor}^ cells, and the nerve supplying it arises

from the superior frontal lobe of the cereliral ganglion. This nerve

is at first bound up with and appears to l)ranch olf from the optic

nerve near a little tubercle situated on the latter, but it receives no

fibres from it.

In Naidilus the ciliated and lamellar prc-ocular and post-ocular

tentacles are apparently accessory olfactory oi-gans ; the ciliated

iuterbranchial papilla of each side is placed on a sensorial area

innervated by tlic fibres of the two branchiae (Fig. 280, n.olf).

The post-anal papilla (Figs. 275, 276, x) is also ciliated, but is not

supplied by any special nerve. In the r)ibranchia the branchial
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ganglion of Eledone and Oniniatostrephcs occupies a situation analo-

gous to that of the osphradial ganglion of Gastropoda and Lamelli-

branchia, but the epithelium overlying it is not sensory. It seems
probable that an osphradium is not required in the Dibranchia, in

consequence of the proximity of the olfactory fossa to the opening

of the pallial cavity.

The statocysts or otocysts are two in number, and are always

closed vesicles in adult Cephalopoda ; they are essentially organs of

equilibration. In Nautilus they are situated at the sides of the

pedal centres (Fig. 279, 0), and are closely applied to the cephalic

cartilage. In the Dibranchia they are placed ventrally between
the pedal and visceral centres (Fig. 282, X), and are wholly embedded
in the cranial cartilage, being separated from one another only by
a thin partition. The cavity of each otocyst is continued, in the

Fig. 282.

Central nervous system and anterior part of the digestive tract of Omvuttostrepltes, left-side
view. I, radula ; II, "anterior" salivary gland ; III, anterior buccal ganglia and commissure;
IV, cerebral ganglion ; V, section of the o])tic nerve; VI, oesophagus; VII, left pallial nerve;
VIII, " posterior " salivary gland; IX, visceral ganglion and nerve; X, seat of the otocysts ;

XI, infundibular nerve ; XII, pedal ganglion; XIII, stomato-gastrie ganglion; XIV, brachial
ganglion and beginning of the live left brachial nerves ; XV, labial commissure ; XVI,
"tongue" ; XVII, mouth.

Dibranchia, into a small canal which is buried in the cartilage in

the Decapoda but not in the Octopoda. This canal, known as
" Kolliker's canal," ends blindly, and is the remnant of the em-
bryonic connection of the otocyst with the exterior (Fig. 119, D, ot).

The internal wall of the otocysts of the Dibranchia is not simple,

but is raised into sevend well-marked ridges separated by furrows.

The sensory epithelium is localised at the anterior end of the organ,

and forms a macula acustica, and the essential part of the otocystic

nerve terminates in this macula and in a lateral ridge. The nerve

originates from the cerebral ganglion and traverses the pedal centre

obliquely. In Nautilus each otocyst contains numerous otoconia,

but in the Dibranchia there is a single otolith balanced on the

principal macula acustica : this otolith consists of an organic and a

calcareous moiety, except in Eledone, in which genus it is M'holly

organic.

The eyes in all Cephalopoda are situated on the sides of the
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head and are generally sessile. They are, liowever, pedunculated

in many embryos (Fig. 290, (8), (9)) and in the adult Taonius (Fig.

253, e) and other Cranchiidae, and also in some Amphitrdus (Octopod).

The eye of Nautilus (Fig. 293, e) is an open vesicle with a minute

aperture (Fig. 6, A) : it is devoid of any kind of refractive apparatus,

and its internal retinal Avail is pigmented throughout. In the

Dibranchia the cavity of the eye is closed, as it is in the majority

of Gastropoda, and the ocular globe consists of the same essential

Fig. 2S3.

Horizontal section of the eye of Sepia, an, argentine integument; C, external cornea; ei,

ciliary body ;
g.o, optic ganglion ; ik, cartilage of the "iris" ; I:, k', capsular cartilage ; KK,

cephalic cartilage; L, lens; o, optic nerve; J', retinal pigment; lie, Hi, external and inttmal
layer of the retina ; w, white body. (From Lankester, after Hensen.)

parts, viz. retina, cornea, and crystalline lens, with various accessory

parts added, making it a very complex and perfect organ of vision.

The ocular globe is applied to the cephalic cartilage, is sometimes

contained in a more or less incomplete orbit formed by a wing-

shaped expansion of the cartilage (Sepia), and is provided with a very

large optic ganglion (Fig. 283, ij.o). In the Dibranchia the retina

occupies the inner part of the ocular cavity, and the rods are turned

towards the light. The cornea is situated between the two segments

of the cuticular body forming the crystalline lens (Fig. 283, L)

:

above the more superficial and smaller segment of the lens a fold of

the integument forms a contractile iris, with a circular (Oigopsida)
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or oval or often a reiiiform pupil {Loliijo, Sejna, Octopoda, Fig.

288). A second more superficial fold forms an external false

cornea, bounding the " anterior chaml)er " of the eye : the edges

of this fold are not united in the Oigopsida but surround a wide
orifice in the optic axis ; in the rest of the Decapoda and in the

Octopoda the edges of the fold unite and completely close in

the anterior chamber, but in several cases a very small hole or
" lacrymal pore " is left (Scjnola, Sepm). Finally, another fold,

external to the false cornea, forms a transverse or inferior eyelid

;

this structure is best developed in the Octopoda, in which group
the eye can be completely covered in by the contraction of the

circular orifice of the eyelid.

The retina really consists of a single layer of cells surmounted
by rods or rhabdomes, but the latter are extremely long, so that

the retina is very thick. Each rhabdome is in relation to at least

four retinal cells, Avhose prolongations extend into its interior, and
each of these latter is related to two rhabdomes. A limiting layer

of speeial cells is formed at the level "where the retinal cells are

joined to the rods. Below this limiting layer pigment is distributed

through the retinal cells, especially in their lower ends and towards

their upper extremities : in the dark all the pigment granules are

collected at the l)ases of the cells, as in the Vertebrates and
Arthropodn.

The cuticular crystalline lens is the product of both the internal

and external surfaces of the true cornea. Its two segments are

formed of successive concentric layers. The external segment is

the less prominent of the two ; the internal segment, which cor-

responds morphologically to the crystalline lens of Gastropoda, is

much more convex and larger, but it does not occupy the whole
of the ocular cavity or " posterior chaml^er " of the eye. The
remainder of the cavity is filled by a semi-fluid vitreous body,

as is the case in the majority of the Gastropoda. The eye of

Dibranchia can be accommodated for near and distant vision by
variation of the distance between the lens and the retina ; con-

sequently these animals are never presbyopic.

In a few genera of Cephalopods there are sensory organs which
appear to be thermoscopic eyes. They are situated beneath the

integument, and in Cheiroteuthis grimaldii are found on the ventral

side of the body and on the dorsal aspect of the fins. These
organs consist of a large lenticular and highly pigmented chromato-

phore, beneath which is a flattened nerve-ending, surrounded by
large transparent cells.

5. Rcprodudive Apjiaratus.—In all the Cephalopoda the sexes are

separate, and sometimes there is a well-marked sexual dimorphism.

As a rule the males are more slender (e.g. Lolirjo media) or smaller

than the females, but in Nautilus the cephalic hood and the
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aperture of the shell are wider in the male than in the female.

The maximum of sexual dimorphism is found in Aiyjonaida, in

which genus the males are much smaller than the females : the

latter may attain to fifteen times the length of the other sex, and
they have an external shell and the characteristic enlargement of

the dorsal arms (Fig. 301, IV), both of which features are absent in

the males. Generally speaking, the males are also distinguished by
the phenomenon of hectocotylisation, which consists in a curious

modification for copulatory purposes of a part of the pedal circum-

oral crown (see p. 323).

It has been shown that the majority of the Cephalopoda are

hyperpolygynous, that is to say, the males are less numerous than

the females : thus in some species of Loligo the males are to the

females as 15 : 100, in Octopus as 25 : 100, and in the six specimens

of Sjjirula hitherto examined only one was a male. Nautilus pom-

pilms, on the other hand, is hyperpolyandrous, but in N. macrompJmlus

more females have been found than males. Again, in those Octopoda

in which the hectocotylus is autotomous, the males appear to be

more numerous, for as many as four hectocotyli have been found

in the pallial cavity of a single female.

The ovary or testis of the Cephalopoda is single and median
;

it is situated near the aboral extremity of the body in the coelom,

and is, in fact, nothing more than a projection from the wall of the

latter cavity (Fig. 252, gg). The gonaducts open into the coelomic

cavity, without being directly continuous with the gonad (Figs. 278,

o.d, and 286, V, II) ; they bear accessory glands on their course

(Figs. 284 and 286, I, VI, VII), and their external apertures are

on the somatic wall of the pallial cavity (Figs. 275, ^;c, l.sp; 276,

r.ov, l.ov). The male duct has no copulatory organs at its extremity,

but in the Dibranchia a single arm (or two arms in Spirula and

Idiosepion) and in Nautilus a part of the circumoral crown is modified

for the purpose of fertilisation : this modification is temporary and

periodic in the Dibranchia, permanent in Naxitilus.

The females of nearly all the Oigopsida (Thysanoteuthidae,

Ommatostrephidae, Oiiychoteuthidae, Gonatidae, etc.), and of the

Octopoda with the exception of the Cirrhoteuthidae, are the only

mem])ers of the Cephalopoda that preserve the primitive luxmber

of two functional and symmetrical gonaducts. In them the two

oviducts originate near the same point in the genital capsule of

the coelom (Fig. 278), and their external orifices are more deeply

(aborally) situated in the pallial cavity in those forms in which

the hectocotylus of the male is caducous. In Nautilus there is

only a single functional gonaduct, situated on the right side, but

its left homologue is always present in the form of a rudimentary

duct known as the "pyriform appendage" (Lankestcr and Bourne),

which is provided with an external orifice (Fig. 28-i, Pyr) but has
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no internal communication with the coelom. The artery of the

pyriform sac forms a symmetrical pair with that of the right

gonaduct, so that there can be no doubt as to the homology of the

former organ. On the other hand, all the male Dibranchia and
the females of Spinda, the Myopsida and the Cirrhoteuthidae, have

a single gonaduct, and this always on the left side (Fig. 272, r/).

The ovaries and testes, as well as their ducts, are strictly com-
parable vnth one another from a morphological point of view, l)ut

they differ somewhat in structural details. The ovary is simply

a portion of the wall of the coelom from which the ova originate.

Fig. 284.

Diafjrams of tli-i male aii-l female generative ortiaiis of tlie pearly Xaiitilus, to show thft

relation of the rudimentai-y duct of the left .side to the testis and ovary respectively, and of the
cardiac ventricle to the organs of both sides. Ventral aspect. Ac, accessory ^-land of the male
apparatus ; Alh, albuminiparous gland of the female apparatus ; Fo, foramen in the membrane
which attaches the pyriform appendage to the ventricle and to the testis or ovary (this foramen
places two portions of the viscero-i)ericardial sxic in free communication with one another);
I..G.O, left genital orilice; X, Xcedham's sac in the male, in which the spermatophores are
formed ; 0, ovary ; P, penis ; ]'yr, Owen's pyriform appendage, attached by a membrane to the
ventricle of the heart, and also to the testis or ovary ; R.C.O, right genital orifice ; T, testis

;

V, cardiac ventricle, with its four branchial veins, (.\fter Ray Lankester and Bourne.)

This region generall}' forms a conspicuous projection, into Avhich the

coelomic epithelium is deeply invaginated in such a manner as to

constitute an ovarian cavity communicating with the genital coelom
by a narrow aperture. The ova that originate from the wall of

this ovarian cavity are no longer superficial cells of the wall itself,

but have emigrated below the ovarian epithelium, have grown in

size, and have come to project into the cavity of the ovaiy, carry-

ing the epithelium before them, in the same manner as the ova of

many Amphineura and of FsendokcUi/a. The ova which thus lie

beneath the true coelomic epithelium also become surrounded by
an interior follicle foi-med at the expense of the cells in their
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neighbourhood. This follicle is nourished by an important vascular

supply, and its surface of contact with the ovum is increased by the

formation of equatorial and meridional folds (Fig. 285, /o) which

penetrate into the substance of the ovum and secrete the vitellus.

This vitelhis forms an increasingly large part of the mass of the

ovum and pushes the formative protoplasm and
^°\ the nucleus up to its narrower pole opposite to

the peduncle of attachment.

When mature the ovum acquires a chorion

with a micropyle, escapes by dehiscence of its

external envelope into the coelomic cavity or

genital capsule (Figs. 252, coe; 278, ^.c), and

passes into the genital duct. In its passage
""

through the oviduct the egg traverses a more
Fig. 285.

^^ ^^^^ voluminous glandular enlargement of the

egg^STA.°LTovuiar duct, situated on the wall of the genital capsule

^II^^^It' ''n''"^'*^^^^'!- itself \\\ Naxdilns, at the middle of the duct in
(After Huxley and Pel- , ^, , i c • r i i

Senear.) the Uctopoda, near the tree extremity of the duct

in the Decapoda. This glandular enlargement is

formed of tAvo distinct portions in the Octopoda (Fig. 278, o.g) and is

feebly developed in Argonauta, whose eggs are protected by the

external shell. In addition to the true oviducal glands there are

other accessory glands, unrelated to the genital ducts, in female

Cephalopods. These are differentiations of the Avail of the pallial

cavity, and occur on the pallial wall in Nautilus (Fig. 270, n), but

on the somatic wall in the Dibranchia. In the latter order they

form two distinct masses, one on either side of the rectum, whereas

in Nautilus they form a continuous mass (Fig. 276, g.n). In certain

Oigopsida {Enoploteuthis, Crandiia, Leachia) and in the Octopoda

these organs are absent. In the Dibranchia these " nidamentary
"

glands open near the genital orifice, and are generally accompanied

by a second pair, as, for example, in Sepia : they produce the

external envelopes of the eggs, formed by an elastic substance which

hardens rapidly on contact with the water.

In the male, the testis is the specialised portion of the coelomic

Avail from Avhich the spermatozoa are developed (Fig. 286, III) : its

structure is comparable Avith that of the ovary. The spermatozoa,

Avhen mature, pass through an orifice into the genital capsule

properly so called, and thence into the spermiduct Avhich originates

from the wall of this capsule and opens externally into the pallial

cavity, on the right side in N'autilns (Fig. 275, pc), on the left side

in the I)i])raiichia (Fig. 286, VIII). Certain glandular pouches and

a terminal reservoir are found on the course of the sjiermiduct.

Naxttilus has only one glandular pouch, but in the Dibranchia

there are, as a result of specialisation, tAvo pouches: (1) the

vesicula seminalis, Avhich is a simple enlargement; (2) the prostate.
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The terminal reservoir is known as Needham's sac or the spermato-

phore sac (Fig. 286, VII). Between the vesicula seminalis and the

prostate the spermiduct may exhibit a small tubule which opens

into the coelora (Sejna), and in exceptional cases {Philunexis) the

deeper part of the spermiduct may be divided into two canals,

both of which open into the portion of the coelom containing the

testis.

The sperm lies free in the initial part of the spermiduct, but
when it reaches the first glandular pouch it begins to be surrounded

by a tube-shaped envelope or spermato-
y,„

phore. In the Dil)ranchia these tubes

are completed in the interior of the

prostate, and are then arranged parallel

to one another in the reservoir or

spermatophore sac. When mature they

are passed directly from the genital

duct into the funnel, the terminal

papilla of the spermiduct being ex-

tended for this purpose, and thus they

enter the hectocotylised arm. Each
spermatophore consists of an elastic

tube invaginated into itself ; the deeper

part of the invagination constitutes the

spermatic reservoir, and the more ex-

ternal part, forming the connective, is

gi'eatly contracted and often coiled into

a spiral. When the ripe spermato-

phore is expelled the connective is

extended and evaginated, carrying in

its interior the reservoir which causes

it to burst : the reservoir in its turn
Fio. 28b.

splits open and allows the spermatozoa ^^le Keniui organs of uiujo, ven-

contained in it to escape. These struc- ^'"'' •'*!*P"ct-
/,-

se'ninai vesicle; ii
^ spermiduct; III, testis; IV, genital

tures, which are comparable to the coelomic capsule; V, orijiin of the
1 r i • 1 ^ spermiduct .in the coeloniic genital

spermatophores of certain pulmonate capsule ;vi, spermatophore sac : vii,

Gastropods, are generally rather small
; {^'°^^;|,^oj,y"'*'''''"'^''"""*=^-

^^^f^"^''

but they attain a length of eight centi-

metres in Ekdone, and in the Octopoda with an autotomous hecto-

cotylus, they are as much as fifty centimetres long when unrolled.

In Ndutilns their structure is simpler : they have the form of coiled

tubes and are little more than thirty centimetres long.

The organ of copulation in Nautilus, is the spadix, in the

Dibranchia the hectocotylised arm. The spadix of Kautilm is a

modified region—comparable with the hectocotylus—of the interior

ventral lateral lobe. The modification is persistent and involves

four tentacles, which are united to form a projection contained in a
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common sheath and provided with a circular glandular area : the

eight remaining tentacles of the lobe are unaltered. The modifica-

tion usually affects the left side (Fig. 255, 7^), but it has also been

observed on the right. On the side opposite to the spadix the four

corresponding tentacles are isolated from the other eight and

constitute the so - called antispadix. In the Dibranchia the

hectocotylised arm of the Decapoda generally belongs to the last

pair, counting from the anterior or dorsal face, that is to say, the

fourth pair of true arms, but to the third pair in the Octopoda.

In the majority of the Oigopsida it is

the left fourth arm that is hectocotylised

(Onychoteuthidae, Ommatostrephidae), as

is the case in Loligo and Sepia ; in liossia

and Sepiola the fourth left arm is . hecto-

cotylised and the fourth right partially

so ; in Idiosepion and Sjnrula both arms

of the fourth pair are hectocotylised, and

in the last named they are contained in

a common envelope. In the Octopoda

the third left arm of Scaeurgus, the third

right arm of Octopus and Eledone, and

the second of the right side of CirrJwteuthis

are hectocotylised. In Enoploteuthis,

Eledone, and Octopus the extremity of

the hectocotylised arm is modified and

assumes the shape of a spoon ; in Sepia

the base of the arm is affected, the

modification consisting in the disappear-

ance of the suckers ; in Idiosepion and

liossia and Loliohis the suckers disappear

over nearly the whole length of the arm,

and in the two first named a longitudinal

membrane is developed along its exterior

aspect and abundant mucous glands along

its internal surface. In some Octopoda

the hectocotylised arm is still more pro-

1 of the right fouiuUy modified, inasmuch as it is auto-

tomous. This peculiarity is found in

the Philonexidae and Argonautidae. In

Ocijfhoe and Tremodopus the third right

arm is modified (Fig. 287, /))) i" Argonavia

the third left ; but in all these genera

the modified arm constitutes a veritable hectocotylus, that is

to say, a caducous organ. This hectocotylus originates, and

apparently also is regenerated, in a capsule or cyst in which it

lies coiled up on itself : being shielded from the light, it is

Flu. -IS^.

Male of (h-iitliorcati'iiulatd, sliow-

ing the liectoi'otylisi'd arm, ventral
view, h, the third arir

side, or hectocotylus
«1, r-', f-\ t-i, the llr.st, second, third,

and fourth anus ; j\ the ajiical sac

of the hectocotylus ; y, the tilanient

whicli issues from the sac wlien
development is complete. (From
Lankester, after Gegenbaur.)
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devoid of chroniatophores. Eventually the memhrane of the

cyst bursts and remains attached to the dorsal surface of the arm,

forming the spermatophore sac. The uncoiled arm is pedunculated,

that is to sa}', is attenuated towards its base, and it bears at its

extremity a little pouch (Fig. 287. ./•) containing a long filament,

which is extended prior to the act of fertilisation (Fig. 287, //). The
spermatophore sac communicates with a canal in the interior of the

arm, and this canal is continued into the terminal filament and

opens by an orifice at its free extremity. The hectocotylus when
detached is able to live and move about for a considerable time,

until finally it penetrates into the pallial cavity of a female and
fixes itself in the neighbourhood of the genital apertiu'C. In those

Dibranchia in which the hectocotylus is not autotomous the

hectocotylised arm (or arms) is inserted into the pallial cavity of

the female (Fig. 288, 3) in such wise as to deposit the spermato-

phores in the terminal portion of the oviduct in Odopiis, or to fix

A A

Fig. 2SS.

Copulation of OetopuK. A , the female ; li, the male, fii, funnel of the female ; 3, third right

hectocotylised arm of the male. (After Kacovitza.)

them in the neighbourhood of the oviducal orifice in llossia and

Sepiola. In Sepia and Lolvjo the spermatophores are simply deposited

on the ventral lobes of tlie buccal membrane, and in Nautilus they

are deposited on the folded lamellae on the ventral side of the

buccal orifice (Fig. 255, m).

The eggs are laid shortly after copulation. In Nautilm they arc

laid singly, each egg being about four centimetres long and surrounded

by two thick shells, the outermost of which is partly open (Willey).

In the Dibranchia the eggs are aggregated together, but in the

Octopoda and in Sipia, Sepiola, and Jlossia each egg has a separate

envelope, whereas tlicy are united to form longer or shorter gela-

tinous strings, which are joined together and fixed by one extremity

in LoVuju, but are single and floating in the pelagic Oigopsida. In

Eledone only about sixty eggs are laid at one time, in Orlopus more

than a hundred, and some species of Lolir/o lay more than 40,000

eggs. Some Octopods are incubatory : the female Avfjonauta, for

example, protects the eggs in the shell peculiar to her sex.
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III. Embryology,

Our knowledge of the embryology of Cephalopoda is confined to

the Dibranchia, the development of Nautilus being unfortunately

still unknown. The ovum is remarkable, even in the cases of

Nautihis and the ovarian ovum of Spirula (Fig. 285), for the

enormous quantity of yolk contained in it. In contrast to all

other Mollusca, the segmentation is incomplete : at no period does

the ectoderm completely cover in the vitelline mass, so that there

is no proper blastopore, or rather the blastopore is enormous and

is represented 1)y that part of the vitellus that is not covered by
ectoderm (Fig. 290, (2), (3), e). This peculiarity in the development

of Dibranchia, however, is only an exaggeration of the phenomena
observable in the epibolic ova, provided with an abundant yolk, of

certain Gastropoda (Fig. 10, B), and it has been shown that in the

archaic Dibranchia (the Oigopsid Cephalopod of Grenacher, Fig.

119, D, vi) the quantity of yolk is less than

in the other members of the order, and that

the ectoderm extends much farther over it.

As the formative protoplasm is localised

at the narrower end of the egg, the segment-

ation is restricted to this end (Fig. 289, W),

and results in the formation of a germinal

disc or embryonic area. In the course of

subsequent development the embryo is like-

wise restricted to this end, and never covers

the Avhole surface of the vitelline mass, on

p,y 280.
which it appears to be seated (Fig. 291).

Egs of Loiujo in ti.e first
The extent of the embryonic area and of

segmentation stage, u, the the free surface of the""yolk are in inverse
four first Dlastonieres ; vi, ,

•'
^ • ^^•

vitellus. (After AVatase.) ratio to One another : the external vitelline

mass is smaller in Loligo than in Sepia,

smaller still in Argonauta, and reduced to a minimum in the

Oigopsida (Fig. 119, D).

The embryonic area forms the ectoderm : the so-called peri-

vitelline or yolk membrane is formed as a proliferation of cells

from a limited part of the periphery of the ectoderm, the region

of proliferation marking the anal side. The cells thus formed

migrate over the whole surface of the yolk and form a la3'er of

scattered nuclei investing it (Fig. 290, (7), h). At a later period

the same anal edge of the periphery of the embryonic area gives

rise to a second cellular layer, the cndoderm : it is at first crescentic

in shape, but subsequently becomes ring-shaped, and eventually

forms a continuous circular sheet l)elow the ectoderm (Teichmann),

At a still later period the ectoderm gives rise to cells constituting

the iireuital rudiment and other mesodermic elements : these cells
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also originate at the anal side of the blastoderm, behind the place

where the shell gland is formed externally, and extend in the form

of a crescent, right and left, between the ectoderm and endoderm,

toward the anterior part of the blastoderm. After the mesoderm
has been established in this manner, a thickened specialised portion

of the endoderm constitutes the rudiment of the mesenteron and

forms a little vesicle lying close upon and widely open to the

yolk, and situated in the middle line, below the posterior part of

the mantle, between the rudiments of the two branchiae (Fig.

290, (6), r). This vesicle is the rudiment of the alimentary tract

:

it ultimately gives rise to the stomach, the two lobes of the

liver (which are separate from the first), and the intestine (Fig.

290, r).

The oesophagus and its annexes, viz. the radula, the salivary

glands, etc. (Fig. 290, (7), /, 5), are formed by a precocious stomodaeal

invagination, and the anus is formed later, b}' an excessively short

proctodaeal invagination. Thus the mouth arises relatively near to

the nutritive or vegetative pole, as it does in other Mollusca, and

the less abundant the yolk, the nearer it is to the vegetative pole,

as in the Cephalopod of Grenacher (Fig. 119, D).

The mantle arises in the middle of the embryonic area (Fig. 257,

^rt), and in its centre is the .shell gland, but the borders of the latter

structure are reflected inwards and approach one another to form

the shell sac. In certain highly diff"erentiated Octopoda {Argonauia,

Rtiy Lankester) the shell sac disappears before it is closed up, but

in the Decapoda, with the exception of Spirula, it is completely

closed, and it g,vo\vs pari jJdssu Avith the mantle (Fig. 290, t), while the

shell develops within it. Posteriorly to the mantle, between it and

the epipodium, appear the bud-like rudiments of the branchiae (Fig.

290, (6), n), and the folds that form the branchial lamellae gradually

make their appearance and become in their turn folded. As

development advances the pallial cavity becomes deeper, and the

branchiae are gradually covered l)y the mantle.

Throughout the earlier part of embryonic life the cephalic mass is

excessively large (Fig. 290, (8), (9)), but its preponderance insensibly

diminishes in subsequent stages. This cephalic mass is formed by

the antero-lateral regions of the embryonic area, and it bears the

rudiment of an eye at each posterior corner (Fig. 290, (9), d).

During these earlier phases of embryonic development the

mouth is not in any sense surrounded by the circumoral append-

ages. The foot, in fact, is at first formed b}' the lateral and

posterior borders (Fig. 257, 1, 2, 3, 4, 5) of the embryonic area,

and these borders are rapidly divided into ten projections in the

Decapoda, or eight projections in the Octopoda and the Cephalopod

of Grenacher (Fig. 119, D). But in the course of development

these lobes, while they grow in length, also advance gradually
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along the sides until the most anterior of them reach the mouth
(Fig. 291), and becoming united in front of it, eventually surround

it completely.

A paired epipodial outgrowth, the origin of the funnel, is formed
early in development : its two posterior lobes become prominent and
bend inwards toward one another (Fig. 290, <y), thus establishing the

condition which is permanent in the adult Kautilus (Fig. 27G), but

finalh?', in the Dibranchia, they fuse together completely and form a

perfect tube.

All the nervous centres—the cerebral, optic, visceral, and pedal

—are formed separately as proliferations of the ectoderm. The
]iedal centres give rise, by subdivision, to the ganglia of the arms.

The eyes (Fig. 292, A, B) and otocysts originate as invaginations

of the ectoderm, which eventually close up. The otocysts arise

Fio. 290.

Development of Lnligo. (1) view of the cleavage of the egg during the lii'st formation of
embryonic cells. (2) lateral view of the egg at a little later stage ; a, limit to which the layer
of cleavage-cells has spread over the egg ; b, portion of the egg as yet uncovered by cleavage-
cells ; dp, yolk membrane colls; !:p, cleavage-jjole where first cells were formed. (3) later
stage, the limit " now extended so as to leave but little of the egg-surface (6) unenclosed ; d,

eyes ; e, mouth ; u, mantle sac. (4) later stage, anterior surface, the embryo is becoming
nipped off from the yolk sac ((/). (fi) view of an embryo similar to (3) from the cleavage-pole or
centro-dorsal area. (('•) later stage, posterior surface. (V) section in a median sagittal plane
of an embrj^o of the same age as (4). (s) view of the anterior face of an older embrj-o. (9) view
of the posterior face of an embryo of the same age as (8). Letters in (3) to ('.') :—o, lateral fins

;

b, mantle-skirt; c, supra-ocular invaginati<in to form the " white body"; tl, the eye; c, the
mouth ; ep, outer layer of the embryo

;

/i,/-^, /•*, /', Z^, the five paired processes (arms) of the
foot; g, rhythmically contractile area of the yolk sac; /(.dotted line showing internal area
occui)ied by yolk ; //, first rudiment of the funnel ; /, sac of the radula ; m, stomach ; mes,
mesoderm ; n, rudiments of the gills ; o, the otocysts ; p, optic ganglion

; q, distal portion of
the ridges which form the funnel ; r, vesicle-like rudiment of the intestine formed independ-
ently of the parts connected with the mouth ; a, rudiment of the .salivary gland ; t, the closed
shell sac ; i', the open shell sac, formed by an uprising ring-like growth of the central dorsal
area ; v, the mantle-skirt commencing to be raised up aroand the area of the shell sac. (After
Lankester.)

laterally on the sides of the foot outside the epipodium (Fig. 290,

(6), o) ; they close up at a relatively late period, often retaining a

rudiment of the original external canal, and then approach one

another till they come in contact in the median line. When the

ocular cavity is closed, the external part of the crystalline lens is

formed separately from the internal segment. At the sides of

the optic ganglia a pair of cellular masses, formed by ectodermic

invaginations, becomes the white bodies of the adult (Fig. 290, c)

;

they are the relics of a pair of embryonic ganglia (lateral cerel^ral

lobes).

The coelomic cavity is hollowed out in the mesoderm as two

symmetrical spaces, right and left of the intestine ; it gives rise to

the kidneys and the pericardium. The two kidneys are formed

independently of one another in their definitive positions. The
heart is also formed fiom the pericardial wall as two paired

rudiments. Finally, a portion of tlie coelomic wall gives rise to

the gonad.
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Tlie vitelline mass diminishes insensiljly during the growth of

the embryo, and is for the most part absorbed at the time of

hatching. The yolk sac is independent of the stomach, and is only

in contact with it over a small area in the middle line.

Embryo of Sepiti offlrlnalis, on its vitelhis, left-side view, an, anus ; br, gill ; i.lo.l, invagina-
tion of tiie lateral cerebral lobe ; na, fin ; 'pa, mantle ; vit, vitellus. I, II, III, IV, V, the five

left arms.

IV. Bionomics and Distribution.

All the Cephalopoda are marine, and very active animals. They
swim rapidly by expelling the water from the pallial cavity through

the funnel, sometimes with so much violence that they can spring

for some distance out of the water (Ommatostrqihes). The fins

of the Dibranchia are organs of balance rather than of locomotion.

All the Cephalopods are in the highest degree carnivorous : many

Fia. 'J'.iJ.

Diagrams of sections showing the early stage of development of the eye of Loligo, when it

is, like the permanent eye of N<tiitilu.'>, an open .sae. A, first appearance of the eye as a ring-

like upgrowth ; li, ingrowth of the ring-like wall so as to form a sac, the primitive optic
vesicle. (After Lankester.)

of them destroy a large number of edible fish and Crustacea, but, on

the othei' hand, many of the pelagic forms fall a pro}' to the toothed

whales.

Some Cephalopods attain to a very considerable size : the body

of some species of Architeidhis, without the head, may measiu'e two

and a half metres in length, and when the head and extended
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tentacular arms are taken into account, they may be from twelve to

eighteen meti-es long. Hence these JMollusca have given rise to

various fabulous tales, and they have been known by man from

the remotest periods of antiquity, as is evidenced by their representa-

tions on some of the most ancient monuments from Mvcenae, Egypt,

and Greece.

In the present day some four hundred sjiecies of Cephalopoda

are distributed throughout all the seas of the Avorld. Some species,

especially those with a short and rounded pallial sac, such as the

Octopodidae and Sepiola, are strictly littoral—indeed Sepiola and also

Bossia are fossorial in habit. Other species are inhabitants of the

open sea, and among these various forms of Oigopsida dwell in

great depths: S2nnila is found down to 1000 fathoms; Cranchia

and Baihj/tenthis down to 1700 fathoms; Ilistiopsis at a depth of

nearly 2000 fathoms; Calliteidhis at 2200; and Cheiroteuthis

down to 2600 fathoms. Many of these deep-sea Oigopsida are

luminous.

The history of the Cephalopoda extends back to the remotest

geological times. Orfhoceras and other forms allied to A^aufilus, but

as yet uncoiled, are abundant in the most primitive Palaeozoic

formations. The subdivision of the Ammonitoidea, related to the

Tetrabranchia, is distributed from the Devonian to the end of the

Secondary period. The Dibranchia do not appear till the end of

the Secondary epoch, during which they were characteristically

represented by the Belemnitidae, a gro\ip which, like the Ammoni-
toidea, became nearly completely extinct at the end of this period.

V. Review of the Orders, Sub-Orders, and Families

OF THE Cephalopoda.

The class Cephalopoda comprises two orders, the Tetrabranchia

and the Dibranchia. Palaeontology, as well as morphology, shows

that the Tetrabranchia {Naufiliis, etc.), that is to say, the Cephalopods

with multiple l)ranchiae, auricles, and kidneys, and with an external

chambered shell, are the most archaic. The Dibranchia are more

specialised, inasmuch as they have lost the anterior branchiae,

auricles, and kidneys, and their shell has become rudimentary.

The earliest Dibranchia were descended from rectilinear forms with

a multilocular external shell devoid of a rostrum, and they gave

rise in turn to Spirula, the Belemnitidae, and the allied Oigopsida.

From the last named were derived, as the result of a yet more

profound specialisation, on the one hand the Myopsida, on the other

hand tlie Octopoda, by the loss of the tentacular arms (already so

much reduced as to bo almost lost in some Oigoj)sida), and by the

more and more complete atrophy of the shell.
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Order 1. Tetrabranchia, Owen.

In these Cephalopoda the whole of the visceral mass is protected

by an external, miiltilocular, siphunculated shell, which may or may
not be coiled; only the last compartment of the shell is occupied

by the body of the animal. The head bears numerous appendages

in the form of pedal tentacles, which are retractile within sheaths

(Fig. 293, ie). The funnel is formed of two separate moieties. There

are four branchiae, and four kidneys without reno-pericardial orifices.

The pericardium opens directly to the exterior. The cephalic

cartilage is wholly situated on the ventral side of the oesophagus

(Fig. 270, h) and only supports the ventral part of the nervous

centres. The eyes are open and have no crystalline lens (Fig. 6, A).

The Tetrabranchia comprise two sub -orders, the Nautiloidea and

the Ammonitoidea.

Sub-Order 1. Nautiloidea.

This group is distinguished from the Annnonitoidea by the initial

chamber, which is in the form of an obtuse cone bearing on its summit a

" cicatrix," elongated dorso-ventrally and situated opposite the extremity

of the Ijlind end of the siphuncle : it is probable that the siphuncle passed

through this cicatrix on emerging from a true initial chamber or proto-

conch, which may have been uncalcified or caducous. The sub-order

comprises nearly 2500 fossil species, but only a few living species of the

genus Naxitilns. In certain fossil forms the aperture of the shell may be

contracted to sucli an extent that the animal was probably able to protrude

only the appendages of the circumoral crown, but not its head. Tliese

contracted apei'tures are said to be " composite " when they have lobes of

different form, as in Gomphoceras, Pliragmoceras, etc. In these apertures

the ventral part, corresj^onding to the funnel, is separated fi'om the rest

by a constriction, and constitutes the " liyponomous sinus "
; the remainder

of the aperture is more or less lobate and corresponds to the external

parts of the circumoral crown. The shell may attain to a length of two

metres (Kniloceras).

Family 1. Orthoceratidae. Shell straight or slightly curved, with

a simple aperture, a large terminal chamber, and a cylindrical siphuncle.

Genera

—

Urthocera.% Breyn ; from the Silurian to the Trias. Baltoceras,

Holm ; Silurian. Family 2. Actinoceratidae. Shell straight or

slightly curved, with a wide siphuncle contracted at the level of the

septa by rings or swellings. Genera

—

Aclinoceras, Bronn ; from the

Silurian to the Carboniferous. IHscosoruti, Hall ; Silurian. Huronia,

Stokes ; Silurian. Loxoceras, MacCoy ; from the Silurian to the Carbon-

iferous. Family 3. Endoceratidae. Shell straight, with a wide

marginal siphuncle, the siphuncular necks ]iroduced into tubes which

tit into one another. Genera

—

Endoceras, Hall ; shell straight ; from the

Silurian. Family 4. Gomphoceratidae. Shell globular, straight or

arcuate, the apei'ture contracted to the shape of a T. Genera—Go??)jj/io-

ocro.s Sowerby ; Silurian. Phnuimoceras, Sowevhy ; Silurian. Family 5.
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J.

AscocERATiDAE. Shell straight, ampuUiform ; the summit truncated ;

the terminal chamber occupies nearly the whole length of the shell on
the ventral side. Genera

—

Ascoceras, Barrande ; Silurian. Glossoceras,

Barrande ; Silurian. Family 6. Poterioceratidae. Shell straight or

curved, fusifurm, contracted at the two extremities ; the aperture simple ;

the siphuncle contracted at the levels of the septa. Genera

—

I'oterioceras,

MacCoy ; from the Silurian to the Carboniferou;*. Streptoceras, Billings
;

Silurian. Family 7. Cyrtoceratidae. Shell slightly curved ; the

aperture simple ; the siphuncle wide and the septa approximated. Genus—Cyrtocems, Goldfuss ; Devonian.

Family 8. Lit-oitidae. Shell

coiled in one plane with the ter-

minal part uncoiled ; the aperture

contracted. Genera

—

Lituites, Bar-

rande ; Silurian. Ojjhidioceras,

Barrande; Silurian (Fig. 261, A).

Family 9. Trochoceratidae.
Shell helicoidally coiled ; dextral

or sinistral ; the last whorl gener-

ally uncoiled. Genera— Trocho-

ceras, Barrande ; Devonian.
Addphoceras, Barrande ; Devonian.

Family 10. Nautilidae. Shell

coiled in one plane ; the aperture

wide and simple ; the siphuncle

central. Genera

—

Nautilus, Lin-

naeus (Figs. 270 and 293) ; four

living species are known from the

Indian and Pacific Oceans : they

are gregarious, nocturnal animals,

living at some depth. Trocholite^,

Conrad ; Silurian. Gyroceras, de

Koninck ; from the Silurian to

the Carboniferous.

^-^•

Fig. 293.

TJprrnrprfK Naulilnf; macrnmphalus creeping on a liorizon-
^iKnuttiub,

tal surface, anterior view, a.o.t, anterior oplithal-

Barrnnde ; Silurian. Ptenoceras, mic tentacle;?, eye; /to, hood; ui, infuudibulnm;

H.. T^ • /f n/»i TIN 1>"> nuclial part of the mantle; i>.o.l, posterior
yatt; Devonian (Fig. 261, B). ophthalmic Utacle ;*•/<, shell. (Wr Wiiiey.)

Discites, MacCoy ; Carboniferous.

Family 11. Bactritidae. Shell straight, conical ; the siiJJiuncle narrow

and marginal, and the siphuncular necks long and infundibuliform

;

septa united to the shell by an undulating line. Genus

—

llactrites,

Sandberger ; Silurian and Devonian.

Sub-Order 2. Ammonitoidea.

The Ammonitoidea are distinguished from the Nautiloidea by their

initial chamber, which is spheroidal like that of the Belemniti<lae and
Spirulidae ; by their siphuncle, which is narrow and simi)le, whereas that

of the Nautiloidea is wide, but often reduced in diameter by internal

deposits ; by their septa, which are generally convex on the side nearer
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the aperture, instead of being concave as in the Nautiloidea ; finally, by

the sutures (intersections of the septa with the shell), which form a more

or less complex sinuous line, instead of being simple as in the

Nautiloidea.

Although the Animonitoidea have a globular initial chamber which is

absent in Nautiloidea (though it may possibly be present but caducous or

not calcified in the latter group), their shell has the same structure as that

of Nautilns, and was indisputably external. The chamber containing the

body of the animal is very deep, more so than in Nautilus, Like the

Nautiloidea, the Animonitoidea did not possess an ink-sac. A consider-

able number of Animonitoidea resemble such Nautiloid forms as

Gomphoceras, Phragmoceras, etc., in having a contracted aperture, indicat-

ing an analogous structure of the cephalopedal organs : such contracted

apertures may be seen in Arcestes, Lobites, Stoliczkaia, and especially in

Stephanoceras, but this contraction is carried to an extreme in Morphoceras

pseudoanceps (Fig. 294). In this genus the aperture is almost completely

closed by the lobes which form its borders and circumscribe five small

orifices ; there is a central oblong orifice which probably corresponded to

the mouth ; two circular lateral orifices, one on either side of the central,

may perhaps have served as windows for the eyes ; and the two remaining

orifices, which are partly limited by the preceding whorl, ^jrobably served

for the passage of the pedal appendages, and do not correspond to any

part of the contracted apertures of Nautiloidea. A calcified structure,

consisting of a single piece (Anaptychus) or of two symmetrical moieties

(Aptychus) is sometimes found in the terminal chamber of Animonitoidea :

its constant position shows that it could not have been an operculum, and

it is supposed to have been a calcified cartilage situated at the base of the

funnel.

The Animonitoidea are, geologically speaking, younger than the rest

of the Tetrabranchia. They appeared in the Devonian and became com-

pletely extinct at the end of the Secondary period. They were littoral in

habit, and lived in troops like Nautilus. Some of the coiled forms are as

much as seventy centimetres in diameter. More than 5000 s^jecies have

been described, and it has been found necessary to divide the originally

single genus Ammonites first into genera, then into families, and even into

tribes.

Tribe 1. Retkosiphoxata.

The siphuncular necks project behind the septa as in the Nautiloidea.

These are the most ancient Animonitoidea, belonging exclusively to the

superior Palaeozoic strata, from the Devonian upwards. The sutures of

the septa form simple undulations, those which point backwards being

known as '"lobes," and those which point forward towards the aperture

as " saddles."

Family 1. Goxiatitidae. Shell nautiloid with simple sutures and a

ventral siphuncle. Genera

—

Gonialitcs, de Haan ; Devonian and Carbon-

iferous. Anarcestes, Mojsisovics ; Devonian. Family 2. Clymeniidae.

Shell nautiloid ; sutures simple ; the siphuncle dorsal, that is to say,

internal. Genus

—

Chjnicnia, Miinster ; from the Upper Devonian.
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Tkibe 2. Prosiphoxata.

The siphuncular necks project in front of the septa. The septal

sutures present deeply indented lobes and saddles.

Family 1. Arcestidae. Globular and smooth or nearly smooth

forms, with a reduced umbilicus ; the terminal chamber very deep,

occupying nearly a whole whorl of the spire ; an aptychus present.

Genera— PojMinoceras, Gemmellaro ; Permian. Cyclolohus, "Waageu ;

Permian. Arcestes, Mojsisovics ; Trias. Lobites, Mojsisovics ; Trias.

Family 2. Tropitidae. The shells globular, but differing from those of

the Arcestidae in having radiating and tuberculated costae. Genera

—

Thalassoceras, Gemmellaro ; Permian. Tropites, Mojsisovics ; Trias.

Sibirites, Mojsisovics ; Trias. Family 3. Ceratitidae. Shells coiled,

with a large umbilicus ; the terminal chamber short ; sutures with

simple saddles. Geneva— Track [/ceras, Laube ; Upper Trias. Ceratites,

de Haan ; Trias. DinarUes, Mojsisovics ; Trias. Some genera with

helicoidal shells are related to these coiled forms, viz. Cochlocera.-',

Hauer ; Trias : also some straight forms, e.c/. Rliabdoceras, Hauer ; Trias :

they have been placed in distinct families by some authors. Family 4.

Pinacoceratidae. Shell compressed, .smooth ; the terminal chamber

short ; the suture very complicated, convex. Genus— Pinacoceras,

Mojsisovics ; Trias. Family 5. Phylloceratidae. Shells coiled, the

whorls overlapping one another ; the suture formed of numerous lobes

and saddles. Genera— PIcylloceras, Suess ; Jurassic. Rhacophyllites,

Zittel. Family 6. Lytoceratidae. Shell discoid, the wliorls loosely

united or uncoiled ; the sutures deeply indented but with only three

saddles and lobes. Genera

—

Lytoceras, Suess ; Jurassic and Cretaceous.

MaerosccqjhiteSy Meek ; uncoiled and recurved ; Cretaceous. Hamitcs,

Parkinson ; flexed three times ; Cretaceous. Ptychoceras, d'Orbigny
;

Cretaceous. Turrilifes, Lamarck ; coiled in a sinistral helicoidal spire
;

Cretaceous. Baculites, Lamarck ; the adult straight and elliptic in

section ; Cretaceous. Family 7. Ammoxitidae. Shell coiled, with

narrow whorls which do not embrace one ^^
another ; apertiire simple ; a horny anapty-

chus present. Genera

—

Ammonites, Lamarck
;

Jurassic. Arietite.% Waagen ; Jurassic. Aego-

ceras, Waagen, Lias. Family 8. Harpocera-
TIDAE. Shell discoid and flattened, with a

carinated border ; the aperture provided witli

lateral projections ; a calcareous aptychus,

formed of two pieces. Genera

—

Harpoceras, p-j(j_ 294.

Waagen ;
Jurassic. Op^je/m, Waagen ; Jurassic. M(n-phoceruspsewloa nee,,><,ri<;M-

Lissoceras, Bayle ; Jurassic and Cretaceous, side view. 0.0, oriiice for arms;
_ ' , „, ,, ,, , e.o, eye-onfice;s.H.o, infuiitlibulo-

FaMILY 9. AmaLTHEIDAE. Sliell flattened, buccal oriiice. (After lJouvill6.)

with a prominent carina continued anteriorly

into a rostrum. Genera

—

Amaltheus, Montfort ; Lias. Cardioceras,

Neumayr ; Jurassic. Hchloenbachin, Neumayr ; Cretaceous. Family 10.

Stephaxoceratidae. Shell not carinated, but with radiating costae,

which are often bifurcated ; aperture often jjrovided witli lateral pro-
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jections which contract it ; aptychus formed of two pieces. Genera

—

Stephanoceras, Waagen ; Jurassic. Moiyhoceras, Douville ; Jurassic

(Fig. 294). Perispliinctes, Waagen ; Jurassic. Peltoceras, Waagen
;

Jurassic. Hoplites, Neumayr ; Cretaceous. Acanthoceras, Neumayr
;

Cretaceous. Cosmoceras, Waagen ; Jurassic. Various more or less com-

pletely uncoiled forms are related to this family, viz. Scaphites, Parkinson

;

Cretaceous. Crioceius, d'Orbigny ; Cretaceous.

Order 2. Dibranchia, Owen.

In these CeiDhalopoda the external surface of the visceral mass

is naked and is only protected by a more or less rudimentary

shell, which is situated on the aboral surface and covered by the

integuments of this region. The female Argonauta is the only

member of the group that has a wholly external shell, but this is

not adherent and is secreted by the dorsal arms. The head of the

Dibranchia bears eight acetabuliferous arms, and there is frequently

a fifth pair of more or less retractile arms, situated between the

third and fourth pair (Fig. 295, te). The funnel is always a com-

pletely closed tube (Figs. 287, 301, etc.). There are two branchiae

and two kidneys, each of the latter having a pericardial orifice

(Fig. 273, y). The cephalic cartilage is traversed by the oesophagus

and encloses all the principal nervous centres. The ocular cavities

are closed and the eyes have a crystalline lens (Fig. 283). Chromato-

phores are present in the integument and an ink-sac is generally

present. The Dibranchia include two sub-orders, the Decapoda and

the Octopoda.
Sub-Order 1. Decapoda.

In this sub-order, in addition to the eight pairs of normal arms,

there is a more or less well developed "tentacular" arni situated between

the third and fourth normal arms, on each side of the head. These

tentacular arms are more or less retractile within special poaches, and

as a rule they only bear suckers at their free extremities. The suckers

are pedunculated and provided with horny rings. The eight norinal

arms are shorter than the body. There is generally a fairly well

developed internal shell, and there are usually lateral fins of various

width (Figs. 295, 296, etc., fi). The heart lies in a coelomic cavity.

Nidamentary glands are usually present.

The Decapoda comprise two tribes, the Oigopsida and the Myopsida.

Tribe 1. Oigopsida.

The members of this tribe are characterised by the jjresence of a

wide orifice, occupying the ojitic axis, in the external false cornea of the

eye. As a rule two oviducts are pre.'^ent. In the fossil genera the shell

has a nuiltilocular phragmocone with a si]ihuncle ; the initial cliamber of

this shell is globular and larger than the second chamber. The most,

ancient forms are characterised by the small size of the rostrum, the
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slight development of the pro-ostracum, and the large size of the

phragmocone. The group is probably derived from the straight

Tetrabranchia, such as Badrites. In the living genera, with the

exception of Spirula, the shell is a chitinous gladius.

Family 1. Belemnoteuthidae, Zittel. An extinct family in which

the shell has a well-developed phragmocone and the rostrum is reduced

to a calcareous envelope surrounding it ; the siphuncular necks are

directed backwards, as in the Nautiloidea ; there were ten equal arms

provided with hooks. Genera

—

Pliragmoteuthis, Mojsisovics ; Trias.

Belemnoteuthis, Pearce ; Jurassic and Cretaceous (Fig. 262, A). Acantho-

teuthis, Wagner and Mtinster ; Jurassic. Family 2. Aulacoceratidae,

Fischer. An extinct family in which the shell is formed of a phragmocone

Fig. 295.

Spirilla. A, dorsal aspect; B, ventral aspect, a, arms, e, eyes ; ^, fiiis ; /«, funnel; pa,
mantle

; po, posterior fossa ; sh, shell ; te, tentacular arms ; t.d, terminal pallial disc. (After
Chun.)

with widely distant septa ; the siphuncular necks are directed anteriorly
;

the rostrum is well developed and claviform. Genera

—

Aulacoccras, Hauer ;

Trias. Atractites, Giimbel ; Trias and Jurassic. Xiphoteuthis, Huxley ;

Lias. Family 3. Belemxitidae, de Blainville. An extinct family

with a short phragmocone provided with a ventral siphuncle and

prolonged dorsally into a long pro-ostracum ; the rostrum highly

developed and cylindrical. Genera

—

Belemnites, Lister ; 350 species

from the Jurassic and Cretaceous. Diploconus, Zittel ; U]iper Jura.ssic.

Family 4. Belopteridae. Rostrum and phragmocone well developed
;

the phragmocone often curved ; the initial chamber small. Genera

—

Beloptera, de Blainville ; Eocene. Bayanoteuthis, Munier-Chalmas
;

Eocene. SpiruUrostra, d'Orbigny ; Miocene (Fig. 262, C). Family 5.

Spirulidae, d'Orbigny. The two dorsal and ventral sides of the aboral
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extremity of the shell are left uncovered by the mantle (Fig. 295). The
shell is calcareous, coiled endogastrically, multilocular and siphunculated

(Fig. 268, s/i). The fins are posterior. Genus-^&^^mtirt, Lamarck ; three

living species are known ; they live at great depths, and only a few entire

individuals have been obtained : live speci-

mens are very rarely seen. Family 6.

Ommatostrephidae, Gill. The shell is in-

ternal and chitinous, ending aborally in a

little hollow cone. The tentacular arms are

rather short and thick. The suckers have

denticulate rings. Genera

—

Ommatostrephes,

d'Orbigny ; fins aboral, simple, and rhom-

Fio. 296.

Doratopsis vennmdaris (Ru])i)t'l),

dorsal asjiect. ce, cerebral ganglia :

c, eye ; fi, fin ; mi.c, nuchal cartilage ;

t, tentacular arm; 1, 2, 3, 4, pair of

arras. (After Weiss.)

Fig. 207.

Ominatostrephes sagittatiis, Lamarck, dors^al

aspect. I, mantle; 11, tentacular arm; III, tin;

IV, eye ; V, arms. (After Verany.)

boidal (Fig. 297); British. Ctenoptenix, Aiii^eUof ; fins pectinate, as long

as the body (Fig. 259). Bathyteuthis, Hoyle ; fins terminal, rudimentary ;

tentacular arms filiform ; abyssal, lihynchotcuthis, Clum ; tentacular arms

united to form a beak-shaped appendage. Symplectoteiithis, Pfeifler. Trachdo-

teuthis, Steenstrup. Jhsidicus, Steenstrup. Architeuthu, Steenstrup ; this is

the giant genus among the Cephalopoda. Family 7. Thysanoteuthidae,
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Keferstein. Arms enlarged, Ijearing two rows of suckers aud filaments.

Fins triangular, extending along the whole length of the body. Genus

—

Thysanoteuthis, Troschel (Fig. 298, B) ; Mediterranean. Family 8. Onycho-
TEUTHiDAE, Gray. Fins terminal. Tentacular arms long ; the suckers

provided with hooks. Genera

—

Onychoteuthis, Lichtenstein ; the hook-

bearing suckers exist only on the well-developed tentacular arms. Enoplo-

teuthis, d'Orbigny ; tentacular arms well developed ; hook-bearing suckers

Decapod CVplialopoda. A, Cheiroteuthis l^eranyi, dorsal aspect; B, Thysanntciithis ihombvf,
dorsal aspect ; C, I^eachia cyclura, ventral aspect. (From Lankester, after Verany, Troschel,
Ferussac and irOrbifrny.)

on all the arms. Veranya, Krohn ; body very short ; fins obtuse ;

tentacular arms atrophied in the adult ; Mediterranean. Chaunoteuthis,

Appellof ; body elongated ; fins prominent and pointed ; tentacular

arms atrophied. Plerygioteuthu, Fischer. Ancistrotev.this, Gray. Abraliu,

Gray. Teleoteuthis, Verrill. Lepidoteuthis, Joubin. Family 9. Gona-
TiDAE, Hoyle. Body elongated ; fins terminal. Radula with only two

lateral teeth. Gi-nus

—

Gonattis, Gray. Family 10. Cheiroteuthidae,
Gray. Tentacular arms long and not retractile. Body elongated ; fins

large and rounded. Resisting apparatus well developed. Genera

—
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Cheiroteuthis, d'Orbigny ; with suckers along the whole length of the

peduncle of the tentacular artus (Fig. 298, A). Doratopsis, Rochebrune

;

body much elongated, ending in a spine ; dorsal arms very short (Fig. 296)

;

Atlantic and Mediterranean. Histioteuthis, d'Orbigny ; the six dorsal arms
are united by a membrane ; the body covered with photogenous organs.

Histiopsis, Hoyle ; the membrane of the dorsal arms only reaches half-

way iijD the arms ; luminous organs jiresent. Galliteuthis, Verrill ; no

brachial membrane ; luminous organs present. Grimalditeuthis, Joubin
;

the fin of each side is divided into two separate lobes : no tentacular

arms (Fig. 258). Family 11. Craxchiidae, Gray. The eight normal
arms are very short. The eyes prominent. The fins small and terminal.

Genera

—

Cranchia, Leach; body bursiform ; sessile arms short; fins

entirely aboral. Loligopsis, Lamarck ; body elongated, conical ; tentacular

arms slender. Leachia, Lesueur ; tentacular arms aborted ; the funnel

without a valve (Fig. 298, C). Taonius, Steenstrup ; body elongate ; sessile

arms rather short; eyes pedunculated (Fig. 253).

Tribe 2. Myopsida.

The members of this tribe are characterised by having a closed

external cornea, and by having only a single oviduct, viz. that of the

left side. The internal shell has no longer a distinct phragmocone, and
is calcified (Sepiidae) or simply chitinous. The Myopsida are more
littoral in habit than the Oigopsida.

Fig. eosi-w.

Si'pla officinalis, swimming, right - side view, a, arms ; ji, fins
; /m, funnel. (After

Merculiano.)

Family 1. Sepiidae, d'Orbigny. Body wide and flattened ; fins

narrow and extending the whole length of the body (Fig. 298'"'*). Shell

calcareous and laminated, forming the " sepion." Genera

—

Belosepia,

Voltz ; a rudiment of the rostrum and phragmocone present ; Eocene.

Sepia, Linnaeus ; shell with a rostrum (Figs. 262, B, and 299) ; British.

Scpiella, Steenstrup ; shell without a rostrum. Family 2. Sepiolidak,

Leach. Body short, rounded at the aboral end ; fins rounded, inserted

on the middle of the length of the bodj'. Shell chitinous, narrow
and shorter than tlie body, or absent. Genera

—

Sepiola, Leach ; heatl

united to the mantle in the anterior (dorsal) region ; a fossorial British

genus. Eossia, Gray ; head not united to the mantle ; British.
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Stolotenthis, Verrill, and Iniotenthis, Verrill, have no internal shell.

Heteroteuthis, Gray. Eiiprijmnu, Steenstrup. Family 3. Idiosepiidae.

Steenstrup. Body elongated, with rudimentary terminal fins. Internal

shell almost lost. Genus

—

Idiosejyius, Steenstrup ; this tiny Cephalopod
is only 1^ centimetre long, and lias a mucous pore at the aboral

Fio. 299.

Septa nfficinalis, dorsal view of a dead specimen, with tho short arms spread out and the long
arms pulled out of their .sacs, o, neck ; b, lateral tins ; c, the eifjht shorter arms ; rf, the two
long tentacular arms ; e, the eyes. (From Lankester, after Owen.)

extremity of the body ; it inhal)its the Indian Ocean. Family 4.

Sepiadariidae, Steenstrup. Body slioi t ; the mantle I'used to the head
anteriorly (dorsally). No shell. Genera

—

Seinadarium, Steenstrup ; tins

short, situated at the aboral extremity of the body ; from the Pacific Ocean.

SepiolovJm, d'Orbigny ; fins nearly as long as the body ; Australian. Family
5. LoLiGiNiDAE, Leach. Body elongated and conical ; fins triangular or
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rounded, and extending farther forward than the aboral half of the body.

Tentacular arms partly retractile. The shell is a well-developed chitinous

gladius (Fig. 263). Genera

—

Loligo, Lamarck ; fins triangular, confined

to the aboral half of the body ; British. Sepioteuthis, de Blainville ; fins

l^roiuinent but rounded, extending over the whole length of the body.

Loliolus, Steenstrup. Lolignncula, Steenstrup. The following fossil

genera, known by their gladius and ink-sac, have been placed near

Loligo :
—Teuthopsis, Deslongchamps. Beloteuthis, Miinster, and Geoteuthis,

from the Lias, and Phylloteuthis, Meek and Hayden, from the Cretaceous,

are distinguished by their broader gladius. Plesioteuthis, Wagner, from

the Jurassic and Cretaceous, has a long and narrow- gladius.

Fig. 300.

Opisthnteiithis ihpressa, Ijima and Ikeda, dorsal aspect, ar, arms ; e, oye ; fi, fin ; /», funnel.
(After Ijima and Ikeda.)

Sub-Order 2. Octopoda.
^

These Dibranchia have only eight arms, which are all similar and

are longer than the body. The body is short and rounded aborally.

The suckers are sessile. The heart is not contained in the coelom.

There are no nidamentar}' glands. The Octopoda comprise two tribes,

the Leioglossa and Trachyglossa.

Tribe 1. Leioglossa.

The members of this tribe have no radula. All the arms are united

together by a complete membrane. Fins are developed on the sides of

the body.

Family Cirrhoteuthidae, Kefer.stein. Arms united by a mem-
brane, and bearing tentacular filaments on either side of the suckers

(Fig. 260). Genera

—

Cirrhoteuthis, Eschriclit ; the pallial sac prominent

and the fins large ; a pelagic form. Opisfhoteuthis, Verrill ; body

flattened, with small fins ; a deep-sea i'orm (Fig. 300). Vampyroteuthis,

Chun ; four fins. Some fossil Octopoda bearing fins are known ; e.g.

Palaeoctopnis, AVoodward, from the Cretaceous.
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Tribe 2. Trachtglossa.

These are Octopoda with a radula and without true fins.

Family 1. Amphitri^tidae, Hoyle. The funnel is attached to the

middle line of the mantle, dividing the pallial aperture into two. The
eight arms are united by a membrane. Genus

—

Amphitretus, Hoyle
;

pelagic. Family 2. Alloposidae, Yerrill. All the arms united by a

membrane. The mantle is joined to the head by a dorsal band and two
lateral commissures. Genus

—

Alloposus, Verrill
; pelagic. Family 3.

OcTOPODlDAE, d'Orbigny. Arms long and equal, without a true inter-

brachial membrane. The hectocotylus is not caducous. No cephalic

Argonaula argo, Linnaeus, left side of the female.

dorsal webbed arm. (After Verany.)
I, funnel; II, mantle; III, eye; IV,

aquiferous pores. Genera

—

Octopus, Lamarck ; the suckers in two rows

on each arm ; British. Eledone, Leach ; a single row of suckers on each

arm ; British. Scaeurgus, Troschel. Pinnoctopus, d'Orbigny. Cistopus,

Gray. Japetella, Hoyle. Family 4. Philonexidae, d'Orbigny. Males

and females naked. Tho hectocotylus is autotomous. The arms are un-

equal in size but similar in the two sexes. Aquiferous pores are present

on the head and funnel. Genera

—

Trcmodopus, Delle Chiaje ; the two

dorsal pair of arms are united by a membrane. Oci/thoe, Rafinesque
;

without an interbrachial membrane (Fig. 287). Family 5. Argo-
nadtidae, Cantraine. The hectocotylised arm autotomous. The ex-

tremities of the dorsal arms are enlarged in the female (Fig. 301), and

secrete a shell in which the body is contained. The males are very small

and naked. Genus

—

Argonauta, Linnaeus.
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To names of Classes, Orders, Sub-Orders, and Genera ; and to technical terms.

Abdominal ganglion, 113
Abraliu, 339
Acanthoceras, 336
Acanthochiton, 53
Acanthodoris, 177
Acanthopleura, 54
Acanthoteuthis, 337
A cants, 187
Acephala, 205
Accra, 169
Achatina, 188
Acicula, 152
Acila, 255
Adis, 158
ylcffute«, 145
Actaeon, 168
Actaeonella, 168
Ackieonia, 181
Actaeonina, 168
Actinoceras, 332
Actinodesma, 261
Aculifera, 40
Adacna, 271
Adaomrca, 258
Addisonia, 1"22

Adductores, 210
Addactaeon, 168
Adelphoceras, 333
Adeorbis, 153
Adesmaeea, 274
Aegirus, 177
Aegoceras, 335
>-lerope, 189
Aesthetes, 50
Aetkeria, 268
Agadina, 140
Agaronia, 121, 165
Aglossa, 158
Agnatlia, 188
^4 (/rtV</ 1 j«a.r, 187
A/ctria, 155
Alderia, 181

A/disa, 178
Alexia, 184

Allopagns, 266
A/loposv.s, 343
Allorisma, 276
Amcdia, 187
Amaitheus, 335
^4?«.aMr«, 156
Amberleya, 150
Ambonychia, 262
Aiiiicula, 53
Ainmonicems, 153
Ammonites, 335
Ammonitoidea, 333
Amphibola, 184
Amphibidimus, 188
Amphimenia, 60
Amphineura, 40
Amphipeplea, 185
-.4 mphisphyra, 1 68
.i4 mphitretus, 343
Ampullaria, 152
Amussiiim, 262
.47ia(?ara, 258
Anadenus, 187
Anal glands, 8, 96, 200
Anarcestes, 334
A7iatinu, 275
Anatinacea, 275
/I n<(V/a/?a, ,165

Ancistromesus, 145
Ancistroteuthis, 339
Anculo, 178
Anadotus, 154

A ncylodoris, 178
Ancylits, 186
Androgyna, 166
Aneilea, 189
Aneilella, 189
Anisocardia, 264
Anisoniyaria, 211
Anisopleura, 66
Anodonta, 268
Anonialoclesniacea, 254
Anomia, 257
Anoniiacea, 257
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Anoplophiiru, 267
Anastoma, 188
Antalis, 204
Anthracoptera, 262
Anthracosiu, 267
Antipleura, 256
Antispadix, 324
Aplacophora, 51

Aplcva, 186
Aplodon, 268
Aplusirum, 169
Aplysiu, 171
AplyStella, 171
Aplysioniorpha, 171
Aptychus, 334
Aptyxiella, 154
^rca, 258
Arcacea, 258
^-Ircesto, 335
Archidwis, 178
Architeuthis, 338
Arcicardium, 271

A rcornya, 276
Arconaia, 268
^-1 rgina, 258
Argoiiaitta, 343
Arietites, 335
Ariolimax, 187
ylrtow, 187
Ariophanta, 186
Ann, 289
Arnandia, 272
Articulamentum, 42
Asaphis, 273
Ascoceras, 333
Aspergillnm, 277
Asiiidobranchia, 144
A.ssiniinea, 153
Astarte, 264
Asthenothaents, 275
Astralium, 150
Asymmetry, 76, 111

Atlanta, 163
Atopos, 189
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Atractites, 337
Atrina, 264
Atys, 168
Aucella, 262
Aulacoceras, 337
Auricula, 184
Avellana, 168
Avicula, 260
Aviculopinna, 264
vla;inMs, 265
^seca, 188

Babuika, 261
Bactrites, 333
Baculites, 335
Baikalia, 153
Bakeivellia, 259
^a;e«, 188
BaKocej-as, 332
Barbadn, 258
Bariieu, 275
Bartletia, 268
Basilissa, 149
Basomniatophorn,, 184
Bathanalia, 154
Bathyarca, 258
Bathydoris, 122
Bathysciadium, 145
Bathyteuthis, 338
Batissa, 266
Bayanotenthis, 337
i5«y;m, 272
^c/«, 166
Belemnites, 337
Belemnoteuthis, 337
Bellerophon, 147
Behptera, 337
Belnsepia, 340
Beloteuthis, 342
Berendtia, 188
Berthella, 174

Bifora, 207
Biradiolites, 272
Bithynella, 154
Bithynia, 154
Bittium, 154
Bivalvia, 213
Blaiineria, 184
Boreochiton , 53

Bornella, 176
Bourcieria, 150
Braclnjtremn, 152
Branchial lu-arts, 306
Brechites, 277
Buccinum, 164

Buliminus, 188
B^Uimulus, 188
BulimK.s, 187
Btdinn.i, 185
/?«;/«, 169

£K«ia, 164

Bullina, 168
Bullinula, 168
Bulloniorpha, 167
Byssocardinm, 271
Byssonychia, 262
Byssus,' 216
Bythoceras, 154

Cadlina, 178
Cadulus, 204
Caecilianella, 188

Caecum, 155
Callistochiton, 53

Calliteuthis, 340
Callocardia, 265
Ccdlochiton, 53
C'olma, 179
Calyptraea, 155
Camjxcspe, 176
Campitotiecles, 262
Camptonyx, 184
Cancellaria, 165
Cauidia, 164
Cantantostomu, 147

Cuprina, 272
Caprinula, 272
Caprotina, 272
Ofy^.w., 268
Captacula, 199
Qcipulus, 155
Co.rbonaria, 258
Cardiacea, 270
Cardilia, 270
Cardinal teeth, 213, 214
Cardinia, 267
Cardioceras, 335
Cardidla, 256
Cardiolaria, 256
Cardiomorpha, 256
Cardiopoda, 163
Cardita, 264
Carditellu, 264
Carditnpsis, 264
Cardinm, 271
Carinaria, 163
Carolia, 257
Cai-ychium, 184
Cassianella, 261
Cas.sidaria, 157
f'assidnla, 184
('asuix, 157
Cnstalia, 268
Carol i Ilia, 170
Cc«/«. 181
Cephalopoda, 284
Cerata, 86
Ceralisolen, 274
Cerotifes, 335
Cerithidea, 104
CerUhiopsis, 1 54
Cerithium, 154

Ceroinya, 276
Cetoconcha, 278
Chaetoderma, 63
Chaetodermomorpha, 61

C/iaetoplenra, 53
Chama, 271
Chamacea, 271
Chamostrea, 276
Chaunoteuthis, 339
Cheiroteudiis, 340
Chelinodura, 169
Chenopus, 155
Chilina, 185
Chiton, 54
Chitonellus, 54

Chlamydoconcha, 266
Chlamydophorus, 189 .

Chlamys, 262
Chlorites, 187
ChoaMomphalus, 185
Choneplax, 54

Choristes, 153
Chromatophora, 297
Chromodoris, 178
Chrysodmnus, 164

Chytra, 154
Ciliated discs, 226
Cinulia, 168
Cionella, 188
C'lrtr, 270
Cirrhobranchia, '197

Cirrhoteuthis, 342
Cistopus, 343
Cladohepatica, 178
Clancidns, 149
Clausilia, 188
Claragella, 277
CIa rat ula, 166
Clavella, 164
Clidiophora, 21

Q

Clio, 170
Clione, 173
Clionopsis, 173
Clionychin, 262
Cloacal chaniher, 229
Clymenia, 334
Cnidosacs, 96
Cocculina, 149
Cochlides, 42
CochliolejHS, 33
Cochloceras, 335
Cocldodesma, 275
Cochlostyla, 188
Coehdon, 276
Coelonioduct, 13
Coeloniopore. 13
Cotobocejj/ialus, 169
Colpodaspis, 169
Columbella, 165

Columbellaria, 157
Columbeilina, 157
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Coluiuellar, 84

Cominella, 164
Coimnissure, 16

Couchifera, 205
Concholepas, 165
Conchyoliue, 3

Coiidylocardia, 264
Connective, 16

Conocardium, 261
Conns, 166
Corcdliophaga, 264
Coralliophila, 165
Corambe, 178
Corhicida, 266
Co»*w, 265
Corbula, 273
Cwbulomya, 273
Cosvtoceras, 336
Cranchia, 340
Crassatella, 264
Crenrnoconchus, 152
Crenatula, 259
Crenella, 259
Crepidula, 155
Orimora, 177
Crioceras, 336
Crossea, 158
Crucibidum, 155
Cryptochiton, 53
Cryptoconchus, 53
Cryptodon, 265
Cryptomya, 273
Cryptophthahmis, 169
Cryptoplax, 54
Crystalline style, 94, 220
Cteniiliuni, 11

Cteiuidoiita, 256
Ctenopieryx, 338
Oucullaea, 258
Cucidella, 256
Cidtdlus, 274
Cnmingia, 270
CVxrt, 264
Cnspidaria, 278
Cuihona, 179
Cuvieriaa, 170
Cyamium, 266
CVc^, 267
Cyclina, 270
Cyclolobus, 335
Cydomenia, 60
Cydotiemu, 150
Cydophorux, 152
Cydostoma, 152
Cydostrema, 150
Cydosurus, 152
Cyerce, 181
Cylidma, 168
Cylindrdla, 188
CylindruhuUa., 169
Cylindromitra, 164

t'ymha, 165
Cymbulia, 170
Oymbidio2)sis, 170
Cynodonta, 164
Cypraea, 157
Cypricardia, 264
Cypricardites, 258
Cyprina, 264
Cyrena, 266
Cyrendhi, 265
Cyrtoceras, 333
Cyrtodaria, 274
Cyrtodonta, 258
Cyrtolites, 147
Cyrtopinna, 264

Jjacrydium, 259
Daonella, 261
fMudehardia, 189
Decapoda, 336
Dejanim, 150
Ddphimda, 150
Dendronotus, 175
Dentalium, 204
Dennatobrandms, 181
Dermatocera, 152
Dermatomya, 278
Desmopterus, 170
Detorsiou, 77
Decdobrandiaea, 173
Dialineury, 142
iJiartema, 155
Diauly, 126
Dibranchia, 336
iJiceras, 271
Dicerocardium, 267
/^Mnya, 262
Diniyacea, 262
Dinarites, 335
Di'/unnenia, 60
Dijiloconus, 337
/Jipfodonta, 265
JJiplommatina, 152
Jjipsacns, 164
Disdiides. 204
JJiscUes, 333
Discohelix, 147
iJiscosorus, 332
Ditremaria, 147
Ditreniata, 189
Docoglossa, 145
iJoUdieUct, 171

Dolabrifer, 171
IJiilium, 157
Dunax, 270
Dorulersia, 60
Doratopsis, 340
Doridium, 169
Doridoniorpha, 177
Doridapsis, 178
iJoridunculus, 178

Z'.z/i.v, 178
JUosidicus, 338
iJosinia, 270
/)o<o, 179
iJreissensia, 264
/>r!:Zii:a, 120
iJurga, 267

Ectstonia, 270
Echinoinenia, 60
Eglisia, 158
Elasniognatha, 189
Eledone, 343
Elendius, 149
Eleiitlierorhabda, 253
EUyrnus, 263
Elizia, 273
Elysia, 181
Elysioniorpha, 181
Emarginidd, 149
Embletonia, 179
Eiuloceras, 332
Endodontu, 188
Eudoga-strie, 77
Enoploddton, 54
Enoploteuthis, 339
Ensis, 274
Entalina, 204
Enteroxenos, 160
Eutocolcuv, 159
Entoconcha, 159
Entodesma, 277
Entosipihon, 158
Entovalva, 266
Eolidoniorplia, 178
AVw, 179
Eoplacophora, 53
Eotrodius, 155
Ephippivm, 257
Ephippodoiita, 266
Epiphragin, 73
Epipodiuiii, 70
Erato, 157
Erodona, 273
Ervifia, 270
Erycina, 265
Ethdla, 134
Eucalodium, 188
Eudirysalis, 154
Euciroa, 277
Eudoxodiiton, 54

Eulamellibrancliia, 262
Eidima, 158
Eunema, 150
Eiunnphalus, 147
Eupliemus, 147
Euplqcamus, 177
Eiipryiiuuf, 340
Eutliria, 164
Eutlivneuia. 166
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Eutrochutella, 150
Exogastric, 74

Facelina, 179
Fasciolarin, 164
Faunus, 154

Ferussacia, 188
Filibranchia, 256
Fiona, 180
Firoloida, 163
Fischeria, 266
Fissidentalium, 204
FissureUa, 149
Fissurelliden, 149
Fistulana, 274
Flnxlna, 158
Foot, 68, 199, 215, 286
Foot glaud, 70
Fortisia, 168
Fossarus, 152
Fowlerina, 173
Fryeria, 178
Fulgur, 164
Funnel, 291
Fusispira, 154
Fustiaria, 204
Fusus, 164

Oadinia, 185
Galatea, 266
Galeomma, 266
Galvina, 179
Gastrana, 268
Gastrochaena, 274
Gastropoda, 66
Gastroi)teron, 169
(?a2a, 149
Gellina, 179
Crewa, 149
Geovialacus, 187
Geotenthis, 342
Gervilleia, 259
Gibbula, 149
Gibbulina, 189
Gladiius, 293
Glandina, 189
Glaucomya, 270
Glaucus, 179
Gfefia, 170
Glochidium, 251
Glossocera.% 333
Glycvneris, 274
Glyphis, 149
Gomphocerus, 332
Gonad, 20
Gonad uct, 20
Gonatus, 339
Goniatites, 334
Gonieolis, 179
Goniodoris, 177
Goniomya, 276

Gonodiin, 265
Gosseletia, 262
Grammysia, 256
Gresslya, 276
Grimalditeuthis, 340
Gryptochitonidae, 53
Guivillea, 165
Gundlachia, 186
Gymnosomata, 1 73
Gyroceras, 333

Haemocyaiune, 10
Halia, 165
Halicardia, 277
Haliotinella, 174
Haliolis, 148
Halopsyche, 173
Haminea, 169
Uamiles, 335
Hancock's organ, 116
Hanleya, 53
Hapalus, 187
Harpia, 166
Harpoceras, 335
Harcella, 270
Hectocotylus, 324
//eo^yZe, 179
Helcion, 145
Helcioniscus, 145
Helicarion, 187
Uelicina, 150
Helicodonta, 187
Helicophantn, 187
Uelicter, 188
Zfeto, 187
Hemiarthrnm, 53

Hemifusiis, 164
Hendmenia, 60
Heniphillia, 188
Hercoceras, 333
Hercynelln, 185
Herinaea, 181

Hermaphroditism, 19
//era, 179
Heromorjjha, 179
Heterocardia, 270
Ileterochisma, 204
Heterodori.i, 178
Heterogangliata, 1

Heteropoda, 160
Heterostrophic, 82
Heteroteuthis, 340
Hexahra vc/iiis, 178
Himella, 273
Jlindsiel/n, 266
Hinge, 213
Hinnites, 262
llippunyx, 155
Hippopus, 271
Hippurites, 272
Histiopsis, 340

Histirjteuthis, 340
Hololiranch, 45
Holognatha, 186
Hoinalogyra, 153
Horiialonyx, 189
Iloplites, 336
Hoploniytilus, 262
Hoplopteron, 158
Huronia, 332
Hyalima.x, 189
Hyalopecten, 262
Hybocystis, 152
Hydatina, 169
Hydrobia, 153
Hydrocena, 151
Hyperstrophic, 82
Hypobranchial gland, 79
Hypostracum, 4

Hypotrema, 257
//yritt, 268

Ichthyodes, 60
Ichthyosarcolites, 272
Idalia, 177 ,

/(fas, 259
Idiosepius, 341
Iinbricaria, 164
Inioteuthis, 340
Inoceramus, 260
Insertion plates, 42
Iphigenia, 270
Iridina, 268
Isanda, 150
Ischnochitoii, 53
Isidora, 107
Ismenia, 60
Isocardia, 264
Isodonta,

Isomyaria, 211
Isopleoira, 1, 40

JaneUa, 189
Janthina, 156
Jamis, 179
Japetella, 343

Jeffreysia, 153
Joanisiella, 265
Jorunnu, 178
Jottannetia, 275

Katharina, 53
Keber's organ, 233
/:<//?/«, 266
KeUyella, 266
Kokenella, 147
Kruppomenia, 60

Labial commissure. 16
Labial palp, 218
Lachesis, 164
Lacuna, 152
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Laeocochlis, 154
Lamellaria, lot)

Lamellibraiiehia, 205
LameUidoris, 178
Lanistes, 152
Laoma, 188
Lasaea, 266
Za<ia, 186
Lalirus, 164
Leachia, 340
Xe<fe, 255
Leibleiu's glaiul 93
Leioglossa, 342
Lepeta, 145
Lepetella, 145
Lepidomcnia, 60
Lepidoj)leiirns, 53
Lepidoteuthis, 339
Leptochiton, 53
Leptoconchus, 1G5
Leptan, 266
Leuconia, 184
Ligament, 213
Lima, 263
Limacina, ITO
Limaea, 263
Limapontia, 181
Limax, 187
Limifossor, 63
Limnaea, 185
Livinocardiv.nl, 271
Limnotrochvs, 154
Liviopsis, 258
Limopteria, 260
Liolophu7-a, 54
Liomesus, 164
Liopistha, 278
Liotia, 150
Lipocephala, 205
Lissoceros, 335
Lithoai.rdium, 271
Lithodomus, 259
Lithoghjphus, 154
Litiopa, 153
Littorina, 152
Littorinida, 154
Lituites, 333
Liver, 7, 44, 95, 200, 220,

301
Livona, 149
Lobes (accessory cerebral),

137
Lobiancoia, 96
Lobiyer, 169
Lobites, 335
Loligo, 342
Lolif/opsis, 340
Loliguncula, 342
Loliohis, 342
Lnmanotus, 176
Lfphocercns, 170

I

Lorica, 54

I

Loricdla, 54

I

Loxoceras, 332
Loxonema, 154
Lucapina, 149
Lucapinella, 149
Lucina, 265
Lucinopsis, 270
lAinidicardiiiiii, 261
Lutetia, 266
Lutraria, 274
Lyonsia, 277
Lyonsidla, 277
Lyrodesiiui, 259
Lytoceras, 335

Macellomenia, 60
Macgillivraya, 140
Madurea, 147
Madurites, 150
Macoma, 268
Macrochilus, 154
Macrodiisma, 149
Maa-oscaphites, 335
Mactra, 270
Magilus, 165
Malacozoa, 1

Malletiu, 256
Malleus, 260
Mandibles, 6, 88, 299
Mangilia, 166
Margarita, 149
Marginella,

Marionia, 175
Marsenina, 156
Martesia, 275
Matheronia, 272
Mathilda, 155
Meekia, 265
MegalaestliC'tes, 50
Megalodon, 267
Megaspira, 188
Megatebennns, 149
Me/adcmius, 152
Melampnx, 184
Mdania, 154
Melaniipsis, 154
Mdmgnna, 260
J/^/i6e, 175
Mentuni, 158
Meretrix, 270
Merobrancli, 45
Mesalia, 155
Mesodesma, 270
Mesolimax, 187
Mesoplac'ophora, 53
Metalimax, 187
Micraesthetes, 50
Micromelo, 169
Microplax, 53
Milneria, 264

Miratesta, 185
J/i7ra, 164
Mitrularia, 1 55
Modiola, 259
Modiolarca, 264
Modiolaria, 259
Modiolopsis, 259
Alodiomtirphu, 259
Modulus, 154
Miilleria, 150
Monoceros, 165
Monodiroma, 187
Monocondylaea, 268
Monodonta, 149
Mouoniyaria, 211
Monopleura, 272
Monotis, 261
Montacula, 265
Mopalia, 53
Morplwceras, 336
Mucrono.lia, 158
Mulinia, 270
Midleria, 268
lliiller's organ, 291
Murchisonia, 147
Murex, 164
Mutda, 268
Mutiella, 265
J/ya, 273
Myaeea, 273
Mijalina, 262
Mycdopns, 268
Myodiama, 276
Myocondta, 259
Myodoru, 276
Myophoria, 259
Myopsida, 340
Myrina, 259
Mysidea, 262
Mytilacea, 259
Mytilimeria, 277
Mytilus, 259
Myxa, 158
Myzovienia, 60

Nacdla, 145
iYa?ima, 81

Xarica, 155
Nassa, 164
Nassopsis, 154
Natica, 156
Katicopsis, 150
Nautiloidea, 332
Nautilus, 333
Narardius, 169
Needham's sac, 323
Neinatomenia, 60
Neohyalimax, 1 89
Neomenia, 60
Neonienioniorpha, 55
Xeothauma, 152
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Nephric glaud, 111

Nerinm, 154

Nerita, 150
Neritina, 150
Neritodomus, 150
Neritopsis, 150

Niso, 158
JVotarchus, 171
Notohranchaea, 173
Notomenia, 60

Nuclial plate, 264
^Nucula, 255
jVucuiina, 256
Nudibranchia, 174
Nuttalocluton, 53

Octopoda, 342
Octopus, 343
Ocythoe, 343
Odontomaria, 147

Odontoperna, 260
Odostoviia, 158
Odostomiopsis, 168
Oigopsida, 336
Oleacina, 189

Ofo'm, 165
OlireUa, 165
OmvMtostrephes, 338

Omphcdotropis, 152

Oncidiella, 190

Oncidiopsis, 156
Oncidium, 190

Oncospira, 150
Oniscia, 157
Oiiitochiton, 54
Oiiychoteuthis, 339

Oocorys, 157

Ojoe«5, 188
Operculum, 71

Vphidioceras, 333

Ophileta, 147

0/)i's, 264
Opisthobranchia, 167

Opisthopodiuiu, 21

6

Opisthoteuthis, 342
Op2KUa, 335

OrpicUa, 187
Orthalicus, 188

Orthoccras, 332
Orthoneura, 114

Oscaniella, 174
Oscaniopsis, 174
Oscattiiis, 174
0!<tmc(>lethi\ 187

Ostmca, 263
Ostraeacea, 263
0<^/^«, 184
Otocardia, 1

Otoconia, 119
Otocrypt, 18

Otocyst, 18

Otoliths, 18, 119
Uvula, 157
Oxygyrus, 163

Pachycardla, 267
Pachyrismu, 267
P(daeacma, 145
Palaeocoiicha, 256
Fcdaeoctopus, 342
Prt//o, 177
Palliata, 1

I'aludina, 152
Paludomus, 154

Pandora, 276
Paracephalophora, 66

ParacUoiie, 173
Pamllelodon, 258
Paramenia, 60
Paramya, 273
Parapodia, 69

Pararhopalia, 60
Parmacella, 1 87
Parmarion, 187
Patella, 145
Pativcardium, 261

Pearls, 213
A'cte/i, 262
Pectiuacea, 260
Pectinibranchia, 151

Pedinodonta, 145
Pcdunculus, 258
Pedicularia, 157
Pedipcs, 184
Pedum, 262
Pelecypoda, 205

/'rf<e//a, 188
Peltoceras, 336
Pcradis, 170
Pergamidca, 262
Pericardic glands, 13

Pericardium, 12

Periostracum, 4

PerqAoma, 275
Pcrispkinetes, 336
Pe/vm, 259
Peronia, 190
PersiDia', 157
Pdeisia, 157
Petricola, 270
Plumerophthalmus, 169
Phanerotinus, 147
Phasianella, 150
Philine, 169
Philohrya, 258
PhilomycHs, 187
Phlebcedesis, 8

Pholadella, 276
Pholadidea, 275
Pholadomya, 276
P/io/cw, 275
/Vw«, 164

P/wtinula, 149
Phragmocera^; 332
I'li.raginoteuthis, 337
Phylluplys'ui, 171
Phyllidia, 178
Phyllirhoe, 175
Phyllobrandius, 181
Phylloceras, 335
Phyllotev.this, 342
PAy.sa, 186
Phythimya, 276
Pileolns, 150
Pilidmm, 145
Piruicoceras, 335
Prnwa, 264
Pinnigena, 264
Pinnodojnts, 343
Pisania, 164
Pisidium, 267
Placiphorella, 53
PlacojjhoroiJsis, 53
Placuna, 257
Placunanomia, 257
Plagiodon, 268
Plagiojitydius, 272
Plakobrandttos, 181
Planaxis, 152
Planktomya, 33
Plajiorbis, 185
Platyceras, 155
Platydiisma, 147
Platydoris, 178
Platymalakia, 66
Platyodon, 273
Platypoda, 157
Plaxiphora, 53
Pledomya, 275
Pledrophoriis, 71
Plesioteuthis, 342
Pleural ganglion, 112, 201,

23l
Pleurohrandiaea, 174
Pleurobranchomorpha, 173
Pleiirobrandius, 174
Plenrocera, 154
Pleurodonta, 187
Pleurumya, 276
Pleurophonts, 264
Pleuntpltyllidia, 180
Pleurofoma, 166
Pleurotomaria, 146
Plicatnla, 262
PUodon, 268
Plocamophenis, 177
Plutonia, 186
Pneumonoderma, 173
Podocyst, 136
Polycera, 177
Polyconites, 272
Polygyra, 187
Polyplacophora, 41
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Piilytremaria, 147
Pmnatias, 152
Pvmatwpsis, 153
Pomplwlyx, 185
PmitiothMuvia, 166
Popanoceras, 335
Porcellia, 147
Poromi/a, 278
Porostoniata, 178
Poskloiwmya, 261
Potamides, 154
J'oferioceras, 333
Praecanlium, 256
Prasina, 261
Prionodesnia, 254
Proctonotus, 179
Prodissoconch, 246
Proneomenia, 60
Pronuada, 255
Proparamenia, 60
Propilidium, 145
Prorhipidoglossa, 12
Prorhipidoglossoniorplia, 1

Proserpiim, 151
Frosiphonata, 335
Prosobranchia, 142
Prosocodus, 264
Protobranchia, 254
Protomya, 256
Provinculuni, 213
Pruvotia, 60
Psaviviobut, 273
J'seudamussimn, 262
Pscudedvwndic , 265
Pseudodon, 268
Pseiulokellycu 271
Pseiulolaniellibiauchia, 253
Pseudomarginella, 34, 16r(

Pseudomelania, 154
PseudoinoiHitis, 261
Pseiidopallium, 67
Pseiulovennis, 179
Ptenoceras, 333
Pterinea, 261
Pteroceras, 155
Pteropoda, 170, 173
Pterosoma^ 163
Pterotmchea, 163
PterygioteiUhis, 339
Ptychoceras, 335
I'tychodcsmu, 262
Ptygmatis, 154
Pugntis, 168
J'uliiiobranchia, 107
Piilmoiiata, 181
Pidsdlum, 204
Punctum, 188
Punctnrella, 149
Pupa, 188
PupUlia, 149
Purpura 165

Purpurina, 152
Pusiondla, 166
Pustidaria, 157
Pyramiddla, 158
Pyramidula, 188
Pynila, 157
Pythina, 265

Quadrifora, 208
Quadnda, 268

Rachiglossa, 164
Radiolites, 272
Jiadsia, 54
Radula, 6

/irtf^ff, 270
Panella, 157
Rangia, 267
Rapa, 165
Rapana, 165
Ratkmiisia, 189
Reduzia, 156
Requienia, 271
Resilium, 213
Retractor muscle, 5
Retrosiphonata, 334
Retusa, 168
Rhahdoceras, 335
Rhacophyllifes, 335
Rliinnphore, 18
Rhipidnglossa, 145
Rhizochdus, 165
/^/iO(/ert, 188
Rhmnhopteria, 261
Rhojxdomenia, 60
Rhyndiolithes, 299
Rhyndioteuthis, 338
Rhylida, 189
Rimidn, 149
Ringicidct, 168
yeise//rt, 152
Rissoa, 153
Rissoiiia, 153
Rossia, 340
Rostanga, 178
Rostdlaria, 155
Rudistae, 272
Rumina, 82
Runcinu, 169

Sabatia, 168
Saccata, 1

^agrrfa, 187
Salpingosloma, 147
Sanguinolai-iu, 273
Saxiaira, 274
Scacchia, 266
Scaeurgus, 343
Scalaria, 158
Scaldia, 265

Scalenostonui, 158
Scalites, 152
Scaphander, 168
Scaphites, 336
Scaphopoda, 197
Scaphula, 258
Scarabus, 184
Sccndla, 145
Sckismope, 147
Schizobraduum, 173
Schiziidiiton, 54
Schizodentalium , 204
Sddzodus, 259
Schizoglossa, 189
Sddoenbachia, 335
SchitUla, 266
Scioberdia, 266
Scissurella, 147
Scoleconiorplia, 54
Scrobicrdaria, 270
Scuiria, 145
Scutum, 149
Scyllaea, 175
Segnenzia, 156
Selenites, 186
Seinper's organ, 91

Sendki, 258
^c^iV*, 340
Spiadarinm, 340
Sepidla, 340
Sejmla, 340
Sepiolm'dea, 340
'<€piotevthis, 342
Septa, 82, 292
Septaria, 150
^5eptibralK:llia, 277
Septifer, 259
Sliell-eyes, 50
SU)intes, 335
Sigaretus, 156
SUeaia, 278
SUicpia, 274
Siliquaria, 155
Siphon, 209
Siphmiai-ia, 185
Siphonodentaiium, 204
Siphonopoda, 1

Sistrvm, 165
.SVto/rt, 187
Skeyiea, 153
Smaragdinella, 168
Solarium, 158
5o^e»j, 274
Solenaia, 268
Solenocldamys,

Solenoconclia, 197
Solenocurtus, 21

A

Solenogastres, 54

Solenomya, 255
Solenopsis, 256
Solenojjus, 54

23
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tSolenotellina, 273
Solidula, 168
Spadix, 323
Spailia, 268
Spekia, 154
Spermatophore, 128, 323
Sphaeiiia, 273
Sphaeriiim, 267
Sp)hyradiiiin, 188
Spicula, 42
Spinigera, 155
Spira, 81

Spiraculum, 152
Spirotropis, 91

Spirula, 338
Spirulirostra, 337
Spondylus, 262
Spongiobranchaea, 173
Spongiochiton, 53
Sportella, 266
StandeUa, 274
Stavelia, 259
Stenoglossa, 163

Stenogyra, 188
Stenoplax, 53
Stenoradsia, 53
Stenothyra, 154

Stephanoceras, 336
Stlliger, 181

Stiva, 153
Stoastoma, 150
Stoloteuthis, 342
Stomatella, 149
Stomatia, 149
Straparollina, 147
Straparollus, 147

Strepsidnra, 164

Streptaxis, 189

Streptoceras, 333
Streptoneura, 142

Streptostyla, 189
Stromhus, 155
Struphia, 188
Strophmienia, 60
Struthidlaria, 1 55

Stylifer. 158
Styliger, 15

Stylina, 158
Stylomenia, 60
Styloniniatophora, 186

tSubemm-gimda, 149
Submytilacea, 264

Sn-huUtes, 154

Sucrhiea, 189
Supra - intestinal ganglion,

113
Sutnral lamina, 42
Syniplcctotoith is, 338
Synaptlrola, 266
Syiiaptorliali(l;i, 253
Syndvsmyo, 270

Taenioglossa, 151

Tagehis, 274
Tancredia, 265
Tanganyicia, 154
Tanysiphmi, 270
Taonius, 340
ra^jcs, 270
Tectarins, 152
Tectibraneliia, 167
Tegmentum, 42

Teinosfoma, 150
Teleodesmacea, 254
Teleoplacophora, 54

Tdeoteuthis, 339
re/;tM«, 268
Tellinacea, 268
Telobrauchia, 54

Tentacles, 67

Terchellum, 155
Terebra, 166
feref^o, 275
Tergipes, 179
Test, 28, 240
Testacella, 189
Te^Ay*, 175
Tetrabranchia, 332
Tevihnpsis, 342
Thalassoceras, 335
Thecacera, 177
ThecaUiu 264
Tliecosoniata, 170
Thernioscopic eyes, 319

Thliptodov, 173
Thracia, 275
TAycff, 155
Thysanoteuthls, 339
Titiscania, 150
Tonicella, 53

Tonicia, 54
Torinia, 158
Tornatellaea, 168

TornateUina, 188
Tornatina, 168
Torsion (body's), 74

Toxiglossa, 165
Tracheal lung, 106. 189
Tracheloteiithis, 338
Trachycems, 335
Trachydermon, 53
Trachyglossa, 343
Trachyodon, 54

TremuUmoUis, 147
Treiiioctopns, 343
7'r('.s7/,s-, 274
Triauly, 127
Tribonuphorus, 189
Trichotropis, 156
Tiidachia, 181
Tridaoia, 271
Trifora, 208
Tri/orin, 154

Trigonia, 258
Trigonochlamys, 186
Trinacria, 258
Triopa, 177
Triopiella, 177
Triplaxa, 168
Triton, 157
Tritonia, 175
Tritonidea, 164
Tritoniomorpha, 175

Trochoceras, 333
Trocholithes, 333
Trochonema, 150
Trochosphere, 27
Trochotoma, 147
Troclms, 149
Trop)hon, 164

Tropites, 335
Trumatella, 153
Ti-yblidinm, 145

Tudicla, 164
Tvgonia, 273
TurbineUa, 164
T«rJo, 150
Turbonilla, 158
Turricida, 164
Turrilites, 335
Turritella. 165

Turtonia, 266
Tyleria, 275
Tylodina, 173
Tylopoma, 152
Typhis, 164
Typhobia, 154

Umbilicus, 80
Umbo, 215
Umbonium, 150
Umbrella, 174
Uncrnienia, 60
Uncini, 89
Uiignlina, 265
Unicardinm, 265
Th/o, 268
Uretery, 182
Urocoel, 15

Urocydus, 187

Uroscdpinx, 164

Vaginnla, 190
Valletia, 272
Valvata, 152
1
'« //)2>y ''c^e» </i i'vf, 3 42

Vanganclla, 270
J7tii?<.w/«wi, 258
Velainiella, 148
Veliger, 27
Vdorifa, 266
Velum, 27
Vehdina, 156
Veneraceii, 270
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Venericanlia, 264
Venerupis, 270
Veniella, 264
Venua, 270
Vera )t I/O, 339
Vo-mctiis, 154
Verticordia, 277
Vertigo, 188
Vesicomya, 253
Visceral coiimiissure, 16

Vitrina, 187
Viviparity, 21, 131

Vhaita, 256
TW(/<«, 165
Volutharpa, 73
Volvarw, 168
VolvcUella, 169
Voh-nla, 168
Vulsella, 260

ir.»)rf/«, 264

Xenophorus, 155
Xiphotetithis, 337

Xijlophaga, 275
Xylotrya, 275

FoW/rt, 255

Zeidora, 149
Zirjihaea, 275
ZitId id, 157
Zonites, 186
Zospeum, 188
Zygoueury, 142

THE END

Printed by R. & R. Ci.AKK, LiMlTEU, Edinburgh
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